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PREFACE. 

This text is intended for beginners and aims to present the 
essential features of geometrical crystallography from a standpoint 
which combines the ideas of symmetry with those of holohedrism, 
hemihedrism, etc. All forms possible in the thirty-two classes of 
symmetry are discussed even though representatives of several of the 
classes have not as yet been observed among minerals or artificial 
salts. In each system, however, the important classes are indicated 
so that the book may readily be used for abridged courses. 

No attempt has been made to discuss the measurement and 
projection of crystals inasmuch as they involve a somewhat compre- 
hensive knowledge of forms and, hence, cannot be treated adequately 
in an introductory course. For a similar reason very little reference 
has been made to the various structural theories of crystals. How- 
ever, the bibliography of the more important works, which have been 
published in English and German during the past thirty years, will 
prove useful to those who may desire to pursue the study of crystal- 
lography further than the scope of this text permits. 

Free use has been made of the various standard texts on crystal- 
lography, but especial acknowledgments are due von Groth, Linck, 
Bruhns, Tschermak, and E. S. Dana. A very large majority of the 
figures have been drawn especially for this text, the others, however, 
have been taken from various sources. 

I am indebted to Mr. W. F. Hunt, Instructor in Mineralogy, 
also to Messrs. I. D, Scott and C. W. Cook, Assistants in Mineralogy 
in the University of Michigan, for aid in the reading of the proof. 
EDWARD H. KRAUS. 
Mineralogical Laboratory, University of Michigan, 

Ann Arbor, Mich., June, 1906. 
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INTRODUCTION. 

Crystals and Crystalline Stmctnre, Nearly all homogeneous 
sabstances possessing a definite chemical composition, when solidify- 
ing from either a solution, state of fusion or vapor, attempt to crys- 
tallize, that is, to assume certain characteristic forms. If the process 
of solidification is slow enough and uninterrupted, regular forms, 
bounded by plane surfaces, usually result. These regular polyhedral 
forms are termed crystals. If, however, the solidification is so rapid 
that the substance cannot assume well defined forms, bounded by 
plane surfaces, the solid mass, which results, is said to be crystalline. 
Crystalline substances consist of aggregations of crystals, which have 
been hindered in their development. Their outline and orientation 
are, hence, irrregular. Figure i shows a well developed orystal of 




Fig. !• Fig. 2. 

calcite (CaCOj), while figure 2^t represents a cross-section through a 
crystalline a^regate of the same substance. Here, no definite outline 
is to be recognized on the component parts of the mass. 

AmorphoDS Structure. Those substances, however, which do 
not attempt to crystallize, when solidifying, are termed amorphous. 

>) Alter Wtlnschenk. [1) 
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2 INTRODUCTION. 

. They are without form. Opal (SiOj. x H,0), for example, never 
occurs in well defined crystals or in crystalline masses. 

Some Properties of Crystallized and Amorphons Sabstances. 

There are many interesting features to be noted in the study of 
crystallized and amorphous substances. The attempt at crystalliza- 
tion and the assuming of regular polyhedral forms, which is charac- 
teristic of bodies belonging to the first class, are only some of the 
expressions of the nature of such substances. The various physical 
properties, hardness, elasticity, cohesion, transmission of heat and 
hght, usually vary in such crystallized substances with the direction 
according to fixed laws. This is not the case with amorphous sub* 
stances. Hence, we may define a crystal as a solid body, which 
is bounded by natural plane surfaces and whose fonn is 
dependent upon its physical and chemical properties. 

Crystallc^raphy. This science treats of the various properties 
of crystals and crystallized bodies. It may be subdivided as follows: 
/. Geometrical Crystallography. 
2. Physical Crystallography. 
J. Chemical Crystallography. 
Geometrical crystallography, as the term implies, describes the 
various forms occurring upon crystals. The relationships existing 
between the crystal form and the physical and chemical properties 
of crystals are the subjects of discussion of the second and third sub- 
divisions of this science, respectively. Only the essentials of the 
first subdivision — geometrical crystallography — will be treated in 
this text. 

Constancy of Interfaclal Angles. As indicated on page i , 
crystals may, in general, result from solidification from a solution, 
state of fusion, or vapor. Let us suppose that some ammonium 
alum, (NHJiAlj (SOJi.a+HjO, has been dissolved in water and the 
solution allowed to evaporate slowly. As the alum begins to crystal- 
lize, it will be noticed that the crystals are, for the most part, bounded 
by eight plane surfaces. If these surfaces are all of the same size, that 
is, have been equally developed, the crystals will possess an outline 
as represented by figure 3. Such a form is termed an octahedron. 
The octahedron is bounded by eight equilateral triangles. Th« 
angles between any two adjoining surfaces or faces, as they are often 
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INTRODUCTION, 8 

called, is the same, namely, 109° 28%'. On most of the crystals, 




V^g. 7. Fig. 8. 

however, it will be seen that the various faces have been developed 
■ unequally, giving rise to the forms illustrated by figures 4 and 
5. Similar cross-sections 
through these forms are 
shown in figures 6, 7, and 
8, and it is readily seen 
that, although the size 
of the faces and, hence, 
the resulting shapes have 
been materially changed, 
the angle between the 
adjoining faces has re- 
mained the same, namely, 
109° 2&%'. Such forms 
of the octahedron are 
said to be misshapen or 
distorted. Dist or t ion 
is quite common on all 
crystals regardless of their 
chemical composition. 

It was the Danish 
physician and natural 
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scientist, Nicolas Steno, who in 1669 first showed that the angles 
between similar faces on crystals of quartz remain constant regard- 
less of their development. Figures 9 and 10 represent two crystals 
of quartz with similar cross-sections (figures 11 and 12). Further 
observations, however, showed that this applies not only to quartz but 
to all crystallized substances and, hence, we may state the law as 
follows: Measured at the same temperature, similar angles on 
crystals of the same substance remain constant regurdless 0/ 
the size or shape of the crystal. 

Crystal Habit. The various shapes of crystals, resulting from 
the unequal development of their faces, are oftentimes called their 
habits. Figures 3, 4, and 5 show some of the habits assumed by 
alum crystals. In figure 3, the eight faces are about equally 
developed and this may be termed the octahedral habit. The tab- 
ular habit, figure 4, is due to the predominance of two parallel 
faces. Figure 5 shows four parallel faces predominating, and the 
resulting form is the prismatic habit. 

Crystallographlc Axes. Inasmuch as the crystal form of any 
substance is dependent upon its physical and chemical properties, page 
2, it necessarily follows that an almost 
infinite variety of forms is possible. In 
order, however, to study these forms and 
define the position of the faces occurring on 
them advantageously, straight lines of 
definite lengths are assumed to pass through 
the ideal center of each crystal. These Hnes 
are the crystallographic axes. Their 
intersection forms the axial cross. Figure 
13 shows the octahedron referred to its 
three crystal axes. In this case the axes 
are of equal lengths and termed a axes. 
The extremities of the axes are difierenti- 

•E — — , ^:— ^ *t> ated by the use of the plus and minus signs, 

as shown in figure 13. 

If the axes are of unequal lengths, the 

Pig. 14. one extending from front to rear is termed 

the a axis, the one from right to left the h. 




Fig. 13. 
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INTRODUCTION. 5 

while the vertical axis is called the c axis. This is illustrated by 
figure 14. The axes are always referred to in the following order, 
viz: a, b, c: 

Crystal Systems. Although a great variety of crystal forms is 
possible, it has been shown in many ways that all forms may be 
classified into six large groups, called crystal systems. In the group- 
ing of crystal forms into systems, we are aided by the crystallographic 
axes. The systems may be differentiated by means of the axes as 
follows : 

1 . Cobie System. Three axes, all of equal lengths, intersect 
at right angles. The axes are designated by the letters, a, a, a. 

2. Hexagonal System. Four axes, three of which are equal 
and in a horizontal plane intersecting at angles of 60°. These three 
axes are often termed the lateral or secondary axes, and are desig" 
nated by «, a. a. Perpendicular to the plane of the lateral axes is 
the vertical axis, which may be longer or shorter than the a axes. 
This fourth axis is called the principal or c axis. 

3. Tetragonal System. Three axes, two of which are equal, 
horizontal, and perpendicular to each other. The vertical, c, axis is 
at right angles to and either longer or shorter than the horizontal or 
lateral^ a, axes. 

4. Orthorhomblc System. Three axes of unequal lengths 
intersect at right angles. These axes are designated by S, 5, d, as 
shown in figure 14. 

5. Honoclinlc System. Three axes, all unequal, two of 
which (a', ^) intersect at an oblique angle, the third axis (5) being 
perpendicular to these two, 

6. Triclinic System. Three axes {S, h, d) are all unequal 
and intersect at oblique angles. 

Parameters and Parametral Ratio, In order to determine the 
position of a face on a crystal, it must be referred to the crystal- 
lographic axes. Figure 1 5 show^ an axial cross of the orthorhombic 
system. The axes, a, b, c, are, therefore, unequal and perpendic- 
ular to each other. The plane ABC cuts the three axes at the points 
A, B, and C, hence, at the distance OA— a, OB=b, OC=c, from 
the center, O. These distances, OA, OB, and OC, are known as 
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the parameters and the ratio, OA : OB : OC, -as tbe parametral 
ratio of the plane ABC. This ratio may, however, be abbreviated 
to a : b : c. 





Fig. 15. 



There are, however, seven other planes possible about this axial 
cross which possess parameters of the same lengths as those of the 
plane ABC, figure i6. The simplified ratios of these planes are: 

-b 
b 



These eight planes, which are similarly located with respect to the 

crystallographic axes, constitute a crystal 

form, and may be represented by the general 

ratio (a : b : c). The number of faces in a 

crystal form depends, moreover, not only upon 

the intercepts or parameters but also upon 

the elements of symmetry possessed by the 

crystal, see page 12. Those forms, which 

enclose space, are called closed forms. 

Figure 16 is such a form. Those, however, 

which do not enclose space on all sides, as 

F«- !'■ shown in figure 17, are termed open forms. 

Fundamental Form. In figure 18, the enclosed form possesses 

the general ratio, a : b : c. The face ABM, however, has the 
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parametral ratio, oA : oB : oM, 
where oA=o, oB = i, and oM = 
3oC = ic. Hence, this ratio may 
be written o : i : 3c. But, as in 
the previous case, this ratio repre- 
sents a form consisting of eight faces 
as shown in the figure. That form, 
the parameters of which are selected 
as the unit lengths of the crystallo- 
graphic axes, is known as the unt'i 
or fundamental form. In figure 
1 8 the inner pyramid is a so-called 
unit, whereas the other one is a 
modified pyramid. 

Combinations. Several diRer- 
ent forms may occur simultaneously 
upon a crystal, giving rise to a com- 
bination. Figure 19 shows a com- 
bination of two pyramids observed 
on sulphur; p = 
a\ b: c (unit) and 
s ^= a : b : )^c 
(modified). Figure 
20 shows the two 
forms,o = a:a;a, 
and h = a; oca 
: 00a, see page 19. 

Axial Ratio. 

If the intercepts 

of a unit form 

cutting all three axes be expressed in figures, the intercept along 

the b axis being considered as unity, we obtain the axial ratio. In 

figure 19, which represents a crystal of sulphur, the axial ratio is: 





Fig. 19. 



\£±^ 



Fig. 20. 



% : b : c = 



.8131 ; 



1.9034- 



Every crystallized substance has its own axial ratio. This is 
illustrated by the ratios of three minerals crystallizing in the ortho- 
rhombic system. 
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a -.b : c = .622% : i 


: .7204 


a : b : c = .7852 : i 


: 1.2894 


SiO,, a\b \ ^=.5281 : i 


: .9442 



Aragonite, CaCOj, 

Anglesite, PbSOj, 

Topaz, AI,(F.OH)j SiO,, a 
In the hexagonal and tetragonal systems, since the horizontal 
axes are all equal, i. e., a=b, see page 3, the axial ratio is reduced 
to o : c; a now being unity. Thus, the axial ratio of zircon (ZrSiOj 
which is tetragonal, may be expressed as follows: a : c^ 1 : .6404; 
that of quartz (SiOj), hexagonal, by o ; t" — i : 1.0999. Obviously, 
in the cubic system, page 5, where all three axes are equal, this is 
unnecessary. 

However, in the monoclinic and triclinic systems, where either 
one or more axes intersect obliquely, it is not only necessary to give 
the axial ratio but also to indicate the values of the angles 
between the crystallographic axes. For example, gypsum (CaSO,. 
2HiO) crystallizes in the monoclinic system and has the following 
axial ratio: 

a' :S: 



= .6896 ; I : .4133 

and the inclination of the a' axis to the d is 98 

is known as fi, figure 2 1 . 



This angle 






Fig. ai. 




Fig. 22. 



In the triclinic system, since all axes are inclined to each other, 
it is also necessary to know the value of the three angles, which are 
located as shown in figure 22, viz: 'Bf\d=a, ^ A 1* = ^, a A 5 = y. 
The axial ratio and the angles showing the inclination of the axes are 
termed the elements of crystallization. 

The triclinic mineral albite (NaAISijOg) possesses the following 
elements of crystallization: 

S.:l:d= .6330: I : 5573. 
a -= 94° 5' 
(8=116*27' 
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If the angles between the crystallographic axes equal 90°, they 
are not indicated. Therefore, in the tetragonal, hexagonal, and 
orthorhombic systems, the axial ratios alone constitute the elements 
of crystallization, while in the cubic system, there are no unknown 
elements. 




Fig. 23. 

Rationality of Coefficients. The parametral ratio of any face 
may be expressed in general by na-.pb: mc, where the coefficients 
n, p, m, are according to observation always rational. In figure 23, 
the inner pyramid is assumed to be the fundamental form, 
page 7, with the following value of the intercepts: oa^ 1.256, 
ob = I, oc = .752, But the coefficients n, p, m, are obviously all 
equal to unity. The ratio is, hence, a : b : c. 

The outer pytaraiA, however, possesses the intercepts, oa ^ 
1.256, 0^ = 2, oC= 2.256. These lengths, divided by the unit 
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lengths of each axis, as indicated above, determine the values of n, 
p, and m for the outer pyramid, namely: 



1.256 



.752 



These values of n, p, and in, are, therefore, rational. Such 
values as ^, ^, ^, {, or j are also possible, but never 3. 1416-I-, 
2.6578+, 1/3. and so forth. 

Symbols. The parametral ratio of the plane ABM, figure 18, 
may be written as follows: 

nS.-.p'B: md. 
But since, in this case, h = i,^ = i,»i = 3, the ratio becomes: 

S:5: id. 
If, however, the coefficients had the values i, |, and i, respect- 
ively, the ratio would then read: 

This, when expressed in terms of b, becomes: 

is. 5: 2d. 
Hence, the ratio 

jia : b : mc 
expresses the most general ratio or symbol for forms belonging to the 
orthorhombic, monoclinic, and triclinic systems- In the hexagonal 
and tetragonal systems, since the a and b axes are equal, this general 
symbol becomes, 

a : na : mc. 




Figure 24 shows 
a form, the ditetra- 
gonal bipyramid, 
with the symbol a : 
la : %c. In the cubic 
system, all three axes 
are equal and the 
general symbol 
reads, 

a:na: ma. 
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The ratio a : cc a : cca, for example, symbolizes a fonn in tbe 
cubic system consisting of six faces, which cut one axis and extend 
parallel to the other two. Such a form 
is the cube, figure 25. The ratio a :2a: 00a 
represents a form with twenty-four faces; 
each face cuts one axis at a unit's length, 
the second at twice that length, but 
extends parallel to the third axis. Figure 
26 shows such a form, the tetrahexahe- 
dron. This system of ciystallographic 
notation is known as the Weiss system 
after the inventor Prof, C. S. Weiss, 
These symbols are most readily under- 
stood and well adapted for beginners. 

Naumann, Dana, and Miller have intro- 
duced modifications tending to shorten the 
symbols of Weiss. Since these shortened 
forms are employed quite extensively, it will 
be necessary to explain each briefly. 

Symbols of Nanmann and Dana. In 

the notation of Naumann, O and P, the 

initial letters of the words, octahedron and pyramid^ respectively, 
are used as a basis. O is used for forms of the cubic system, P for 
all other systems. The coefficient m, referring to the vertical axis, 
is placed before and the other coefficient n, after one of these letters. 
For example, n3 : 5 : md, becomes mPfi, and a : ma : ODa, ooOw. 

Dana's notation is similar to that of Naumann. Dana, however, 
substitutes a short dash for the letters O and P, also i or I for ao, 
the sign of infinity. Otherwise, the two systems are alike. 

The following table shows several Weiss symbols with the cor- 
responding Naumann and Dana modifications; 

Weiss Naumann 
I: 3i 3P 

W : t : 2i 2P| 

V : \c IP2 

% : QOa OcOOO 

I ; 00 a 0CO2 

a : ma mOn 




Dana 
3 

2-J 
i-1 
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Klller*8 System. In this system, as is also the case with the 
notations of Naumann and Dana, the letters referring to the various 
crystallographic axes are not indicated. The values given beinf; 
understood as referring to the a, b, and c axes respectively, page 5. 
The reciprocals of the Weiss parameters are reduced to the lowest 
common denominator, the numerators then constitute the Miller 
symbols, called indices. For example, the reciprocals of the Weiss 
parameters 2a : b : ic would be \, {, J. These, reduced to the low- 
est common denominator, are i, t, f. Hence, 362 constitute the 
corresponding Miller indices. These are read three, six, two. 

A number of examples will make this system of notation clear. 
Thus, a : Ccb : OCc, becomes 100; 2a : b : 5<:, 5.10.2; a : a : ic, 
331 ; a : 000 : 2C, 201, and so forth. The Miller indices correspond- 
ing to the general ratios a : na : ma and na : b : tnc are written 
Akt. The Miller indices are important because of their almost 
universal application in crystallographic investigations. The trans- 
formation of the Naumann or Dana symbols to those of Miller should, 
after the foregoing explanations, present no difficulty whatever. 

Elements of Symmetry. The laws of symmetry find expres^ 
sion upon a crystal in the distribution of similar angles and faces. 
The presence, therefore, of planes, axes, or a center of symmetry — 
these are the elements 0/ symmetry — is of great importance for the 
correct classification of a crystal. 

Planes of Symmetry. Any plane, which passes through the 
center of a crystal and divides it into two symme- 
trical parts, the one-half bdin^ the mirror-image 
of the other, 'S a flane of symmetry. Figure 27 
shows a crystal of gypsum (CaSOi.2HjO) with 
its one plane of symmetry. Every plane of sym- 
metry is parallel to some face, which is either 
present or possible upon the crystal. In iigure 
27 it is parallel to the face b. 

It is sometimes convenient to subdivide the 
planes of symmetry into principal and secondary 
or common planes, according to whether they 
possess two or more equivalent and interchangeable 
Fte n directions or not. Figure 28 illustrates a crystal 

of the tetragonal system with five planes of sym- 
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metry. The horizontal plane c is the 
principal, the vertical planes the second- 
ary planes of symmetry. 

Axes of Symmetry. The line, about 
which a crystal may be revolved as an axis 
so that after a definite angular revolution 
the crystal assumes exactly the same posi- 
tion in space which it origioally had, is 
termed an axis of symmetry. Depending 
upon the rotation necessary, only four types 
of axes of symmetry are from the stand- Fig. !8. 

point of crystallography possible." 

a) Those axes, about which the original position is reassnmed 
after a revolution of 60°, are said to be axes of hexag'onal, six-fold, 
or six-counC^ symmetry. Such axes may be indicated by the sym- 
bol •. Figure 29 shows such an axis. 

b) If the original position is regained after the crj^tal is revolved 
through 90°, the axis is termed a tetragonal, four-count, or four~ 
fold axis of symmetry. These axes are represented by ■, as illus- 
trated in figure 30. 




Fig. 29. 



Fig. 30. 



Fig. 31. 



c) Axes requiring an angular revolution of 120° are trigonal, 
three-fold, or three-count axes of symmetry and may be symbolized 
by A. Figure 31 illustrates this type of axis. 



1> Pot proot, w< Grolh'i PhytikmliKhe Kryitalloxnphlr 
Cnuidiflse dcr Kti*Ulll(«nphl*. 1901, 251 . 

1) BecHK 1b ■ cmnplete KvolatloB ol S0O° Ibe poiillaa !■ 



luHicc. 1906, aai; ■!» Vlola'a 
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d) A binary, two-fold, or Hvo-count axis necessitates a revo- 
lution through i8o°. These are indicated by • in figure 30. 

Center of S; mmetry. That point within a 
crystal through which straight lines may be drawn, 
so that on either side of and at the same distance 
from it, similar portions of the crystal (faces, 
edges, angles, and so forth) are encountered, is a 
center of symmetry. Figure 32 has a center of 
symmetry — the other elements of symmetry are 
'"'«^'- lacking. 

Angnlar Position of Faces. Since crystals are oftentimes mis- 
shafen or distorted, page 3, it follows that the elements of 

symmetry are not 
always readily recog- 
nized. The angular 
position of the faces 
in respect to these 
elements is the 
essential feature, and 
not their distance or 
relative size. Fig- 
ure 33 shows an ideal 
crystal of augite. 
Here, the presence 
Fig. 34. of a plane of symme- 

try, ao axis, and a 
center of symmetry is obvious. Figure 34 shows a distorted crystal of 
the same mineral, possessing however exactly the same elements of 
symmetry, because the angular position of the faces is the same as in 
figure 33. 

Classes of Symmetry. Depending upon the elements of sym- 
metry present, crystals may be divided into thirty-two distinct groups, 
called classes of symmetry}^ Only forms which belong to the same 
class can occur in combination with each other. A crystal system, 
however, includes all those classes of symmetry which can be 
referred to the same type of crystallographic axes, page 5. The 

IJ Alio lenncd ctasitt at trytlalt. 
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various elements of symmetry and, wherever possible, an important 
representative are given for each of the thirty-two classes in the 
tabular classification on page 150. 

Holohedrism. Figure 35 shows a form of the cubic system. 
The face a b c has the parametral ratio a : ^a : 30. Forty-seveo 
other faces, having this same ratio, are how- 
ever also possible and, when present, give rise 
to the hexoctahedron, as the complete form 
is called. These forty-eight faces are all 
equal, scalene triangles. Such forms, which 
possess all the faces possible having the same 
ratio, are called holohedral forms. 

Hemihedrism. If, however, one-half of pj 35 

• the faces of the hexoctahedron be suppressed 
and the other half be allowed to expand, as 
shown in tigure 36, the diploid with half of 
the faces possessed by the hexoctahedron, 
namely twenty-four, results. Forms of this 
character are said to be hemihedral. 

Tetartohedrlsm. Again, if only one 
quarter of the faces expand, all others being p. _^ 

suppressed, the hexoctahedron then yields the 
tetrahedral pentag-onal dodecahedron with 
but twelve faces, figure 37. This is a tetarto- 
hedral form. 1 

OgdohedrisDi. There are still other 
forms, which possess but one-eighth of the 
number of faces of the original holohedral 
form, and these are termed og-dohedral forms. 
Figure 270, page 91, shows such ogdohedral Fig. 37. 

forms in combination. 

It is evident that these complete and partial forms possess differ- 
ent elements of symmetry and, hence, only those forms which are of 
the same type, that is, possess the same elements of symmetry, can 
enter into combination with each other. Compare page 14. 

Correlated Forms. Obviously, by the application- of hemihe- 
drism, tetartohedrlsm, and ogdohedrism the original holohedird! forms 
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yield two, four, or eight new correlated forms, respectively. Most 
of these correlated forms are congritent and diSer from each other 
only in respect to their position in space. A rotation through some 
definite angle is all that is necessary to have such forms occupy the 
same position. Such forms are then designated as i>ltis and minus, 
or positive and negative, forms, page 27. Others, however, are 
related to one another as is the right hand to the left, hence cannot 
be superimposed and these are said to be enantiomorphous. These 
are designated as rig-ht and le/t forms. Compare page 37. 




Fig. 40. 



Hemimorphiam. This is a peculiar type of hemihedrism. It is 
only possible upon those holohedral and hemihedral forms, or their 
combinations, which possess a so-called singular^'' axis of symmetry. 
By its application the forms occurring about one end of this axis differ 
from those about the other. Such forms are hemimorphic, and the 
singular axis of symmetry is said to be polar. Hence, the plane of 
symmetry perpendicular to the singnlar axis is lost. Compare figures 
38, 39, and 40. 
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Cry stallographic Axes. All forms which can be referred to 
three equal and perpendicular axes belong to this system. Figure 41 
shows the axial cross. One axis is held 
vertically, a second extends from front to 
rear, and the third from right to left. 
These axes are all interchangeable, each 
being designated by a. Since there are no 
unknown elements of crystallization in this 
system (page 9), all substances, regard- 
less of their chemical composition, crystal- 
pT* ^^ lizing in this system with forms having the 

same parametral ratios must of necessity 
possess the same interfacial angles. 

Classes of Symmetry. The cubic system includes five groups 
or classes of symmetry. Beginning with the class of highest sym- 
metry, they are: 

i) Hexoctahedral Class {Holohedrism) 

2) Hextetrahedral Class \ 

3) Dyakisdodecahedral Class > {Hemikedrism) 

4) Pentagonal icositetrahedral Class ) 

5) Tetrahedral pentagonal dodecahedral Class 

( Tetartohedrism) 
Of these classes, the iirst three are most important, since they 
possess many representatives among the minerals. 

/. HEXOCTAHEDHAL CLASS.V 

{ Holokedrism. ) 

Elements of Symmetry, a) Planes. Forms of this class are 
characterized by nine planes of symmetry. Three of these are par- 
allel to the planes of the crystallographic axes and, hence, perpendic- 
ular to eSch other. They are the principal planes of symmetry. 
They divide space into eight equal parts called octants. The . six 

al. or Icssular system. 

[HI 
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Other planes are each parallel to one of the crystallc^raphic axes and 
bisect the angles between the other two. These are termed the sec- 
ondary or common planes of symmetry. By them space is divided 
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Fig. 42. 



Fig. 43. 



into twenty-four equal parts. The nine planes together divide space 
into forty-eight equal sections. These nine planes are often indicated 
thus: 3 + 6 = 9. Figures 43 and 43 illustrate the location of the 
principal and secondary planes, respectively. 

b) Axes. The intersection lines of the three principal planes 
of symmetry give rise to the three principal axes of symmetry. 
These are parallel to the crystallographic axes and possess tetragonal 
symmetry, as illustrated by figure 44. The four axes equally inclined 



mj T. ^ 
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Fig. 4i. 



Fig. 45, 



Fig. 46. 



to the crystallographic axes are of trigonal symmetry, as shown by 
figure 45, There are also six axes of binary symmetry. These lie 
in the principal planes of symmetry and bisect the angles between 
the crystallographic axes. Their location is indicated in figure 46. 
These thirteen axes of symmetry may be indicated as follows: 
3H+4A + 6»^I3- 
c) Center. The forms of this class also possess this element of 
symmetry. Hence, all planes have parallel counter-planes. 
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The projection of the most general form 
of this class upon a plane perpendicular to 
the vertical axis, t. e., in this case a principal 
plane of symmetry, shows the symmetry 
relations,'' figure 47. 

FORMS. 

1. Oetahedron. As the name implies, 
this form consists of eight (aces. Each face 
is equally inclined to the crystallographic axes. 
Hence, the parametral ratio may be written 
{a .a : a), which according to Naumann and 
Miller would be O and ji i i\, respectively. 
The faces intersect at an angle of 109° 28' 
16" and in the ideal form, figure 48, are equal, 
equilateral triangles. 

The crystallographic axes and, hence, 
the axes of tetragonal symmetry pass through 
the tetrahedral angles. The four trigonal 
axes join the centers of opposite faces, while 
the six binary axes bisect the twelve ed^es. 

2. Dodecahedron. This form consists 
of twelve faces, each cutting two of the 
crystallographic axes at the same distance, 
but extending parallel to the third. The 
symbols are, therefore, {a : a : (Xio), ccO, jiioi. 
figure 49, each face is a rhombus and, hence, 
termed the rhombic dodecahedron. 

The crystallographic axes pass through the tetrahedral angles, 
the trigonal axes join opposite trihedral angles, and the binary axes 
the centers of opposite faces. It follows, therefore, that the faces 
are parallel to the secondary pteires of symmetry. 

3. HexshedroD or Cube. The faces of this form cut one axis 
and are parallel to the other two. This is expressed by (a : Go a 

1) The h™vy lines inditale edges ihroog* wblch principal plana of iyminetry psss. ThellKhti 




Fig. 49. 



In the ideal form, 
the form is often 
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: cxa), (XOoo, {icx3|. Six such faces 
are possible and when the development 
is ideal, figure 50, each is a square. 

The crystal lographic axes pass 
through the centers of the faces. The 
trigonal axes of symmetry join opposite . 
trihedral angles, while the binary axes 
bisect the twelve edges. Compare figures 
*■«■ «*■ 44, 45. and 46. 

4. Trieonal trisoctahedron." The faces of this form cut two 
crystallographic axes at equal distances, the third at a greater 

distance 7na. The coeffi- 
cient tn is some rational 
value greater than one 
but less than infinity. The 
ratio is {a : a : ma) and 
it requires twenty-four 
such faces to enclose 
space. The Naumann 
Fig. 51. Fig. 52. and Miller symbols are 

mO, \hkl], where h is 
greater than /. Because the general outline of this form is similar 
to that of the octahedron, each face of which in the ideal forms is 
replaced by three equal isosceles triangles, it is termed the iri- 
gvnal trisoctahedron, figures 51, 20|22if, and 52, 3OI331J. 

The crystallographic axes join opposite octahedral angles. The 
trigonal axes pass through the trihedral angles and the six binary axes 
bisect the twelve long edges. 

5. Tetragonal trisoctahedron.'' This form consists of twenty- 
four faces, each cutting one axis at a unit's distance and the other 
two at greater but equal distances ma. The value of in is, as above, 
m, > I < 00. The symbols are, therefore, {a : ma : ma), mOm, 
\kll\, h> I. The ideal forms, figures 53, 2O2I211J, and 54, 
404-4111, bear some resemblance to the octahedron, each face of 
which has been replaced by three four-sided faces, trapeziums, of 



irapezohedran. icosit«trah«dron. ADdleucitohedroa. 
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Fig. 64. 



equal size. The form is, therefore, termed the tetragonal trisoo 
tahedron. The six tetrahedral angles'' a indicate the position of 
the ciystallographic 
axes. The trigonal • 

axes of symmetry join 
opposite trihedral 
angles, while those of 
binary symmetry con- 
nect the tetrahedral 
angles'' b. 

6. Tetrahexahe- Fig. 53. 

dron. In this form the 

faces cut one axis at a unit's distance, the second at the distance 
ma, where m>\< ex, and extend parallel to the third axis. The 
symbols are, therefore, 
{a '.ma : oca), odO m, 
\hko\. The twenty- 
four faces in the ideal 
forms, figures 55, 
0002)2105, and 56, 
0004)410}, are equal 
isosceles triangles. 
Since this form may be 
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Fig. 50. 



Fig. 55. 

considered as a cube, whose faces have been replaced by tetragonal 
pyramids, it is often called the pyramid cube or tetrahexahedron. 
The ciystallographic axes are located by the six tetrahedral 
angles. The axes of trigonal symmetry pass through opposite hex- 
ahedral angles, while the binary axes bisect the long edges. 

7. Hexoctahedron. 

As is indicated by the 
name, this form is bound- 
ed by forty-eight faces. 
Each cuts one crystallo- 
graphic axis at a unit's 
distance, the other two at 
greater but unequal dis- pjg 57 pjg gg^ 

1) WllhfouretinAledgn. 

3) Theie tuve two pairs of equal edges. 
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tances na and ma, respectively; n is less than tn, the value of m 
being, as heretofore, ot > i < 00, Hence, the symbols may be 
written (a : na : ma), mOn, \hkl\. Figures 57, 30|)32ij, and 
' 5S, 50g|53ii, show ideal forms, the faces being scalene triangles 
of the same size. 

The crystallographic axes pass through the octahedral angles, 
while the hexahedral angles locate those of trigonal symmetry. The 
binary axes pass through opposite tetrahedral angles. 

The seven forms just described are the only ones possible in this 
class. They are often called simple forms. 

The following table gives a summary of their most important 
features. 











Number of S«]ld 
Angle. 


FORMS 




8 


|l 


h 


^- 




Wci« 


N..„™ 


»m„ 


1* 


Octahedron 


a : a : a 





\i,i\ 


S 
12 

6 
24 

24 

24 

48 


. 6 


- 


- 


Dodecahedron 


a -.a -.coa 


OiO 


\iio\ 


6 


- 


- 


Hexahedron 


a : OOfl: Go a 


00 (3oc 


\,oo\ 


8 

8 


- 


- 


- 


Trigonal 

trisoctahedron 


a -.a: ma 


mO 


\hhl\ 


- 


- 


6 


Tetragonal 

trisoctahedron 


a.ma-.ma 


VI Om 


\hll\ 


8 


6"+ 12" 


- 


- 


Tetrahexahedron 


a : ma : oc a 


<xOm 


\hko\ 


- 


6 


8 


- 


Hexoctahedron 


a :na\ ina 


mOn 


\hhl\ 


- 


12 


8 


6 



From this tabulation we see that the ratios of the octahedron, 
dodecahedron, and hexahedron contain no variables and, hence, each 
is represented by but one form. These are often called singular <x 
fixed forms. The other ratios, however, contain either one or two 
variables and, therefore, each represents a series of forms. Compare 
figures 51 to 58. 
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The relatioQship existing between the simple forms is well 
expressed by the following diagram: 




a : cca : coa 



The three iixed forms are placed at the coraers of the triangle 
and, as is obvious, must be considered as the limiting forms of the 
others. For example, the value of m in the trigonal trisoctahedron 
{a: a: ma) varies between unity and infinity, page 20. Hence, it 
follows that the octahedron and dodecahedron are its limiting forms. 
The tetragonal trisoctahedron (o : ma : ma) similarly passes over 
into the octahedron or cube, depending upon the value of m. The 
limiting forms are, therefore, in every case readily recognized. 
Those forms, which are on the sides' of the triangle'', lie in the same 
zone, that is, their intersection lines are parallel. 

Combinations. The following figures illustrate some of the 
combinations (page 7) of the simple forms, which are observed most 
frequently. 




Fw- 69. Fig. 60. Fig. 61. 

Figures 59 and 60. ^ = 00 O 00, { 100} ; o = O, { 1 1 1 }. Com- 

I) For eumple, the ocUhedroD, Uigoul Irlsoctah^rDn, and dodeobedran. 
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monly observed oo galena, PbS. In figure $g the octahedron 
predominates, whereas in figure 60 both forms are equally 
developed. 

Figure 61. A = ex O 00, {100} ; rf = QoO, {no}. Copper, 
Cu,. and fluorite, CaF, , show this combination. 




FiK. 02. 



Fig. 63. 



Fig. M. 
3 = O, { I u } ; and 



Figures 62 and 63. A = OdO 00,{i(X)}; t 
d =GoO, {110}. Also observed on galena, PbS. 

Figure 64. h = OoOgo,)ioo}; ^ = O0O2, i2ioi. Observed 
on copper, Cu; fluorite, CaF, ; and halite, NaCI. 




Fig. 66. 



Fig. 67. 



Figure 65. o = O, jiii j; e ^ <Xi02,\2io). Fluorite, CaF,. 
Figure 66. d= ooO,{no}; e = G0O2, Jzio}. Copper, Cu. 
Figure 67. A = ooO 00,{ioo} ; / = 202,J2iii. Observed on 
analcite, NaAlCSiO,),.H,0; and argentite. A^,S. 

Figure68. o = 0,iiiii; *' = 3O3. I31 1}. Spinel, MgAljO^. 
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Fig. 68. 



Fig. 69. 



Fig. 70. 



Figure 69. * = 202,{2ii}; o = 0,{iiii. Argentite, Ag,S. 
Figure 70. o = 0, jiii!; <f = CoO, { iioj ; i=202.{2iii. 
Observed on spinel, MgAl^O^ , and magnetite, Fe^O^. 



Fig. 71. 



Fig. 72. 



Fig. 73. 



Figure 71. rf= ooO.JiioS; z = 202,j2iif. Acommoncom- 
bination observed on the gamet, R",R"',SijO„, 

Figure 72. i = 202,\2ii\; / = |0, 5332!. Garnet. 
Figure 73. d= ccO,\iio\; s = iO^.\$2il. Garnet. 



Figure 74. d= ooO, Jiioj ; i =202,5211}; 5 = 309,1321 
Gamet. 
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2. HBXTBTJIAHEDRAL CLASS.^) 

{Tttrahalral Hemihedrism.) 
Elements of Symmetry. By decreasing the elements of sym- 
metry of the hexoctahedral class, page 17, the other classes of the 
cubic system may be deduced. In this class the principal planes of 
symmetry disappear, which necessitates not only the loss of the six 
axes of binary symmetry, but also the three of 
tetragonal symmetry parallel to the crystal- 
lographic axes, see page 18. The center 
of symmetry also disappears. Hence, the 
elements remaining are: six secondary planes 
of symmetry, and four trigonal axes, which are 
now polar. There are also three binary axes 
parallel to the crystallographic axes, which 
pjg 75 in the hexoctahedral class are of tetragonal 

symmetry. The secondary planes of sym- 
metry are easily located since they pass through the edges of the 
various forms of this class. For the symmetry relations see figure 75. 
Tetrahedral Hemihedrism. The various forms of this class 
may be derived from the holohedral forms by allowing all faces which 
occur in alternate octants to be suppressed while the others are 
extended. This is illustrated by figure 75. A careful study of this 
figure shojps the loss and retention of the elements of symmetry as 
outlined in the preceding paragraph. 

Tetrahedron. By allowing alternate faces of the octahedron 
to be extended, a new form bounded by four equilateral triangles, 
intersecting at an angle of y9° 31' 44". results. This form is the 
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tetrahedron. Each octahedron, however, yields two new correlated 
forms as shown by figures 76, 77 and 78. If the shaded faces 
of figure 77 are suppressed, we obtain the tetrahedron, whose 
' position is indicated by figure 78. However, when the shaded 
faces are allowed to expand, the others being suppressed, another 
tetrahedron, figure 76, similar in every respect to the first, but rotated 
through an angle of 90° is obtained. These forms are, hence, 
congruent and differentiated by the plus and minus signs, figure 
78, plus or positive; figure 76, minus or negutive. The symbols 
of the tetrahedron are written: 

jiiii'*; and >c)iTii. 

The crystallographic axes pass through the centers of the edges. 
The axes of binary symmetry are parallel to them ; those of trigonal 
symmetry pass from the trihedral angles to the centers of opp>osite 
faces. 

TetragODal tristetr&hedron. From the trigonal trisoctahedron, 
as shown by figures 79, 80, and 81, are obtained two congruent 
forms bounded by twelve faces, which in the ideal development are 





Fig. 80. Fig. 81. 



similar trapeziums. These forms possess a tetrahedral habit and 
are called tetragonal tristetrahedrons, sometimes also deltoid 
dodecahedrons or simply deltoids. 
The symbols are: 

+ ; +—-,«!>% A /( (figure 81); —, K\hAl\ 



(figure 79). 



1) The letter k (xXnOt, iticlln«l) la placed before Ihe Miller indictt of forms of IblscI 
becauae Ibeir facea are inclined. Tbii type of henihedriam is often known aa the inclined-/, 
hemifacdriam. 
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The crystallographic axes pass through opposite tetrahedral 
angles, while the axes of trigonal symmetry join opposite trihedral 
angles, one of which is acute, the other obtuse. 

Trigonal trifltetrahedron. The application of the tetrahedral 
hemihedrism to the tetragonal trisoctahedron produces two congruent 
half-forms, bounded by twelve similar isosceles triangles, figures 
S2, 83, and 84. Since these new forms may be considered as 
tetrahedrons whose faces have beea replaced by trigonal 
pyramids, they are termed trig-oiial tristetrahedrons^^ or pyramid 
tetrahedrons. Sometimes, moreover, the term Iri^ojial 
dodecahedron is also used. 




The symbols are written: 



+ 7 ; +-,-, '\hll\ (figure 84); - ™, Ahll] 

(figure 82). 

The crystallographic axes bisect the long edges. The trigonal 
axes pass from the trihedral angles to the opposite hexahedral. 

Hextotrahedron. In precisely the same manner the hexoctahe- 
dron, figure 86, yields two congruent forms of tetrahedral habit, 
bounded by twenty-four similar scalene triangles. These new forms 
are called hextetrahedrons. 



1) The rollowloE relitioinhlp between (his anil the preceding I 
bolobednil forms shDuld be ciretully noled, vii: Tbe trigonal trisocwbedri 
yields the telrajonal Irlsietishcdron (laces rA tetngonal ouiUne), wh-le, 
trisocUhedton lurnlshea the tiigaul [riitelnbedioa. CompaTe GgDm 79 to 
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The symbols are : 




mOn 



(figure 85.) 

The crystallographic axes coDoect opposite tetrahedral angles. 
The trigonal axes of symmetry pass through opposite hexahedral 
angles, one of which is more obtuse than the other. 

Hexahedron, dodecahedron, and tetrahexafaedron. As is 

evident from figure 75, no forms, geometrically new, can result from 
the application of this type of hemihedrism on the cube, dodecahedron, 
and tetrahexahedron. The faces of these forms belong simultane- 
ously to different octants and, hence, the suppression of a portion 
of a face in one octant is counterbalanced by a corresponding 
expansion in another. Therefore, no change in these forms can 
result. They are from a geometrical standpoint exactly similar to 
those of the hexoctahedral class. Their symmetry is, however, of a 
lower grade. This is not to be recognized on models. On crystals, 
however, the form and position of the so-called etch Jigiires, as also 
the different physical characteristics of the faces, reveal the lower 
grade of symmetry''. These forms are, therefore, only apparently 
holohedral. 



appear. Being deprndeni upoi 
ollhccrysUI. For in 



place the crystal in the hexoctahedra 
,8» lepresenK a cube of sylvile, KCl , v 
oily dues not diflei from (he cryslt 
lower Brade of symraelry is, howey. 
Ule position of the elch figurei. This 

no plHues of synuaetry can be patsei 
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The following table shows the important features of the forms 
of this class of symmetry. 





SYMBOLS 


si 

!1 


Number olAKKl.* 


FORMS 


t- 


1 


1 




Welu 


Nauninn 


Miller 


X 


Tetrahedron 


±'-^ 


2 
2 


«|///i 
«l"'l 


4 


4 


- 


- 


Tetragonal 
tristetrahedron 


1 a:a:ma 


2 


,,\hhl\ 
.\hhl\ 


1 

12 


4+4 


6 


- 


Trigonal 
tristetrahedron 


+ ," 


( ^ mOm 
mOm 

2 


,\hll\ 


1 

1 
1 


4 


~ 


4 


Hextetrahedron 


^ a:na:ma 


mOn 

2 


Ahkl\ 


1 

24 


- 


6 


4 

+ 
4 


Dodecahedron 


a-.aicca 


ocO 


-{■■o( 




Tetrahexahe- 

dron 


a-.ma: OOa 


QoOiM 


<{hko} 


Apparently 

holohedral 


Hexahedron 


a: oca: oca 


ooOQo 


.{■ool 











figur, 






•ymmeiry oi Ihe cobe. a 
cryital of haliie. R(ur« SS. For a fuller dlscuislon 
al thcH interestiDg figuris consul! CroLfa, Phrsl- 
kalische Kryaullogrsphie.lte Auflage, 1M6. 361; 
alio Dana, Ten-book ol Min«alogy,189e, I4B. 

FiguieB M and 9] show two cubes repre- 
■enling crystals ot sphalerite, ZnS (figure W), and 
pyrile, FeS, (figure Bl). Although these tormi- 
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ConibinatloDS. Some of the more common combinations are 
illustrated by the following figures: 




served on sphalerite, ZnS. 

Figure 93. 0= + — , k)iii{; »' = — y , k\iii\. 
Sphalerite. 

Figure 94. o = + — , kJiii! ; h =ooO 00, k|ioo! ; d = 
OoO, k\ I lof . Tetrahedrite (Cu,, Fe, Zn\ (As, Sb), S,. 

Figure 95. o = + ~, »c}iii|; n = -\ , kJ2Ii j. 

Tetrahedrite. 




2O2 40 

Figure 96. « = + — , itl2iif ; r = + -^ , t)332f ;'^ = 

OoO, KJiiol. Tetrahedrite. 

tbat adjcdaiiis facei poissa striBtioni eitendin( in dlHerent directions. Fjedtc 90 poiieuEs six 
■ecoudBry planes ol symineiry, the principal are wanting;, and, hence Ihls cube is only «pp«renlly 
bolobedral. It belongs to tiextetiataednl clasl. Figure 91 poisenea a itill lower gnde of sym- 
metry lor here only three principal pUnes are present, and it moM, IbereioTe, be rcieired lo Iba 
dyakiidadccahednl clau. pas< Si. 
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Figure 97. d= ooO, «!iio(; »i = + 5— =,«f3iii. 
Sphalerite. 

Figure 98. h =ooOoo, «jiooi ; o = ■{■ -—, •t\i\i\; o = 




_o_ 

2 

5OJ 



2O2 



Fig. 98. 
iiij; rf=ooO, «llio|;« = — ~--^^, <i\2il\; v = -\- 
, kJS3i}. This combination occurs on boracite, Mg,Cl,B,,0„. 



J. DYAKISDOOeCAHEDRAL CLASS.i> 

(Pyrili}hedral Hemihedrism.) 

Elementa of Symmetry. Here the six secondaiy planes and 
the six axes of binary symmetry are lost. The 
elements of symmetry which remain are, there- 
fore, three principal planes parallel to the 
planes of the crystallographic axes, four 
trigonal axes, and also the center of symmetry. 
The three axes parallel to the crystallographic 
axes now possess binary symmetry. Figure 99 
shows these elements as well as the application 
of the hemihedrism, which will be discussed 
in the next paragraph. 

Fyritohedral hemihedrism ^. In this class the forms may be 
assumed as derived from the holohedral types by the expansion of 
the faces lying wholly within alternate spaces formed by the 
intersection of the secondary planes of symmetry, page 18. Such 

1) Cilledby D«n«lhe>i*i^iiD*<ifroir'oii^. 

>) AL» termetl ptnlagonal or parallfl-fate hemibedriim. having nrercncc to Ihe penusoiol 
outline uid parallel arraDKcmcnl of Ibe faces, reepeciivdy. 




Fig. 99. 
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faces or pairs of faces are then symmetrical to the three principal 
planes of symmetry, figure 99. 

PyritohedroD. The application of this type of hemihedrism to 
the tetrahexahedron, figure 101, produces two correlated, congruent, 
hemihedral forms, figures 100 and 102, bounded by twelve similar 
faces. Each face is an unequilateral pentagon, four sides of which 
are equal. Since these forms are congruent, a rotation through 90° 
is all that is necessary to bring them into precisely the same position 
in space. They are, hence, designated as -plus and minus forms." 



Fig. 100. Fig. 101. Fig, 102. 

•The symbols are: 

— ^ J; +[-^— J. ''5'^Aoi (figure 102); 

— I — - — I ff)AAoS'> (figure lOO). 

Because this form occurs frequently on pyrite it is termed the 
pyritohedron, although pentagonal dodecahedron*^ is quite often 
used. 

The axes of binary symmetry, hence, also the crystallographic 
axes bisect the six long edges. The trigonal axes pass through the 
trihedral angles, the edges of which are of equal lengths. 

1) Also dnignaled as right and left. It \% preferable, bowevei, lo use those leims In leleience 
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Dyakisdodecahedron. By the expansion and suppression of alter- 
nate pairs of faces crossed by the principal planes of symmetry, the 
hexoctahedron, figure 104, yields two correlated, congruent forms, 
each bounded by twenty-four similar trapeziums, figures 103 and 105. 
These forms are the dyakisdodecahedrons, also termed didodecahe- 
drons, or diploids. 





Fig. 103. Fig. 104. Fig. 105. 

The symbols are: 

2 J' + L~^J '5A*^i (figure i05);-[^ J. 
ir\Mk\ (figure 103). 

The crystallographic axes, also those of binary symmetry, pass 
through the six tetrahedral angles possessing two pairs of equal edges. 
The trigonal axes join opposite trihedral angles. 



Other Forms. The hexahedron, octahedron, dodecahedron, 
trigonal trisoctahedron, and tetragonal trisoctahedron, the other 
forms of the holohedral type, do not yield new forms by the applica- 
tion of this hemihedrism. This is clearly shown by figure 99, illus- 
trating the elements of symmetry of this class. Being apparently 
holohedral. these forms may occur independently or in combination, 
but always with the full number of faces. Their symmetry is, how- 
ever, less than that of the holohedrons. See page 29. 

In the following table the important features of the forms of 
this class are indicated. 
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I 

1 


■^ris.- 


FORMS 


""'"" 


Tribe- 1 Tetn- 
dol 1 hednl 




!| 






WeiM 


NanmuiD 


Miller 


+^ 


~k 


+ B 


Octahedron 


a:a:a 


o 


'\"'\ 












Dodecahedron 


a -.'a: cca 


ooO 


,|//o| 




Hexahedron 


a : cca : ooa 


ooOoo 


ir\/00\ 


Apoarentlv 


Trigonal trisoc- 
tahedron 


a:a:ma 


mO 


^\hhl\ 




hoi 


she 


dral 


Tetragonal tris- 
octahedron 


a:„a:ma 


mO?n 


Ahll\ 






Pyritohedron 


ro:OTfl:«ae"l 






12 


8 


12 


- 


- 


Dyakisdodeca- 


Wa■.na■.ma'^ 


+[^] 

_[^«] 


• \hkl\ 

• \hlk\ 


24 


8 


- 


6 




hedron 


i| ^ J 





CoDiblDations. The accompanying figures show some combina- 
tions of the forms of this class. 




Fig. 106. Fig. 107. Fig. 108. 

Figure io6. A = ooOoo, wjioo}; ^ = + 1 — — 1. 5r!2ioi. 

Commonly observed on pyrite, FeS,. 

Figures 107 and 108. o = O, v\iii\; e= -|-l — - — I, irJ2io|. 
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Id figure- 107 the octahedron predominates, whereas in figure 10: 
both (onns are about equally developed. Pyrile, 




Figure 109. h =ooOao, xjioo! ; 5 = + I —^ I, »S32if. 
Pyrite. 

Figure no. e=-\- I — — I, ■■J210!; o = 0,-*\\\\\. 

Between o and e but in the same zone, + I I x 1 32 1 f . Pyrite. 

Figure in. h = ooOoo, wjiooj; o = O, irjjiij; e = 
—^ J xi2io(. Cobaltite, CoAsS. 

4. PENTAGONAL ICOSfTETRAHBDRAL CLASS.') 

{ Plagihtdral or Gyroidal Hetnihtdrism. ) 

Elements of Symmetry. All planes, as well as the center of 
symmetry, are lost. There remain, however, all of the thirteen axes, 
namely, three tetragonal, four trigonal, and 
six binary axes. Figure 112 shows these 
elements and also the method of the applica- 
tion of the plagihedral hemihedrism. 

Flagihedral Hemihedrism. Forms of 
this class may be assumed as derived from 
the holohedrons by the alternate expansion 
and suppression of faces lying wholly within 
each of the forty-eight sections, resulting from 
the intersection of the nine planes of sym- 
metry, page 18. Compare figure 112. 




Fig. 112. 



I Termed by Dam tht f la fihtdralgrauf. 
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Pentagonal leositetrahedron. By the extension and sappres- 
sion, respectively, of alternate faces of the bexoctahedron, figure 114, 
two new correlated forms, bounded by twenty-four equal unsymmet- 
rical pentagons result. Thes« forms are teemed pentagonal icosUet- 
rahedrons or gyroids. They are not congruent, for they cannot be 
brought into the same position by rotation and. hence, are not 
superimposable. Therefore, they are enantiomorphous, page 16, 
and distinguished as rig-ht, figure 115. and left, figure 113, accord- 
ing to which of the top faces (right or left) in the front upper octant 
has been extended. 




Fig. 113. 




The symbols are: 
r. I 



, y\khlY*;r 



.\hkl\. 



The crystall(^raphic axes, also those of tetragonal symmetry, 
join opposite tetrahedral angles. The trigonal axes pass through 
those trihedral angles which possess equal edges, while the six binary 
axes bisect the twelve edges intermediate between those forming the 
tetrahedral angles. 

Other forms. The six other bolohedrons are not from a geo- 
metrical standpoint effected by this hemihedrism. A study of figure 
112 shows that no new forms can result, for on these hotohedrons 
none of the faces lie wholly within one of the forty-eight sections 
referred to on page 36. The octahedron, dodecahedron, hexahedron, 
the trigonal and tetragonal trisoctahedrons, and the tetrahexahedron 
are only apparently holohedral. 

l> Id tb<« daM. y ytipOi. bent) is placed bclore the Miller indices. Compare footnote! on 
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The priacipal features of the forms of this class may be tabulated 
as follows: 











I 

% 

1 


N'nnber of AotU* 




SYMBOLS 


Trihcdnl 


^ 




|l 


!i 


1 




W.i- 


N.u,n.„» Min„ 


h 


Octahedron 


a: aia 


O 


^\'^'\ 










Dodecahedron 


a : a :cca 


(xO 


y'.iio't 




Hexahedron 


a :0o : ooa 


CoO CD 


y\ioo\ 




Trigonal 
trisoctahedron 


a : a : ma 


mO 


y\lihl\ 


Apparently 
holobedral 


Tetragonal 
trisoctahedron 


a: ma: vta 


mOm 


l\hll\. 








Tetrahexahe- 

dron 


a: ma: (X^a 


CcOtn 


y\l>ko\ 




Eentagonal 
Icositetra- 

hedron 


^^a:m:ma 


VI On 

2 

,mOn 

2 


y\khl\ 
y\hkl\ 


24 


8 


24 


6 




Combinations. Figure 1 16. 



7*0} 



■)'!87sS. Sal Ammoniac, 



{ TetartohedrUm, ) 

Fig. lie. Elements of Symmetry. The nine 

planes, the three axes of tetragonal and the six 

of binary symmetry, as also the center, are lost. The elements of 

this class are, hence, four polar axes of trigonal and three of binary 

I) Tlw trlartoludral group at Duu. 
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symmetry, the latter being parallel to the 
crystallograpbic axes. See figure 117. 

Tetartohedrism. The simple tetartohe- 
dral forms may be conceived as derived from 
Jjjn iMiiiilmiliiiiw 111 any eio*-' of the three 
hemihedral classes — tetrahedral, pyritohedral, 
or plagihedral — by the subae^a^t applica- 
tion i ^mc of the edfatr two methods. The 
result is in each case the same. Compare 
figures 118, 119, 120, 122, and 125. 



. Fig. 117. 





Tetrahedral peBtagonal dodecahedron. From the hexoctahe- 
dron by the sussuKxe application of two types of hemihedrism four 
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new forms of tetrahedral habit, bounded by twelve unsymmethcal 
pentagons, result. The derivation of these fonns is easily to be seen 
from figures 121-126, also figure 37, page 15. In figure 122, 
the form derived by the expansion of the unshaded faces is known as 
the left positive tetrahedral pentagonal dodecahedron, whereas 
the one derived from the shaded faces alternating with these — i. e., 
in the same octant — is the rig^kt Positive form. From figure 125 
the left negative and rig-kt negative forms are likewise possible. 

^. , . ,. ■■,. . 1 1 r «: w"^- "*<* 

The symbols accordmg to Weiss are -r r, -r I . 

4 
According to Naumann and Miller they may be written: 

1. + r — , Kffj-tA/j'*, Positive right, figure 123. 

4 

2. ' — r , Kir\hkl\. Negative right, figure 126. 

4 

3. + /^2^, Kv\hkl\, Positive left, figure 121. 

4 

4. — / , KTi\k'hl\ , Negative left, figure 124. 

4 

Forms i and 2, also 3 and 4, are among themselves congruent, 
whereas the pairs i and 3, and 2 and 4, are enantiomorphous. 

The crystallographic axes bisect the six equal edges, while the 
four trigonal axes join opposite trihedral angles of which one is more 
obtuse than the other. These trihedral angles possess equal edges. 

Other forms. If tetartohedrism be applied to the other holohe- 
drons, it follows that four of them will yield forms, as follows: 

Octahedron — two tetrahedrons, figures 76 and 78, page 26. 

Trigonal trisoctahedron — two tetragonal tristetrahedrons, figures 
79 and 8t, page 27. 

Tetragonal trisoctahedron — two trigonal tristetrahedrons, figures 
82 and 84, page 28. 

Tetrahexahedron — two pyritohedrons, figures 100 and 102, 
page 33- 

The first three forms do not difier geometrically from those 
obtained by the tetrahedral hemihedrism, while the fourth is the same 
as that derived by the pyritohedral hemihedrism. They are, hence, 

I) Two lellers. each rapraeaiing one of tbe typet ol bemlbedriim applied, an bki] wilh the 
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only apparently hemihedral forms. The cube and dodecahedron are 
unchanged geometrically and, therefore, apparently holohedral. 

The following table shows the principal features of the forms of 
this class : 





SYMBOLS 


Jl 


A,.g1„ 




W^ 


K.™n„ 


Millet 








Dodecahedron 


a-.a-.CC't 


OoO 


K.\,I0\ 


Apparently 


Hexahedron 


a-.coa: 007 


(X) 0<Xi 


iac\ioo\ 


holohedral 


Tetrahedrons 


+ °-^ 


O 

+ T 
_ o 

2 




Ap 

t 
h 


>arent 
trahe 
emihe 




Tetragonal 
tristetrahe- 
drons 


± , " 


mO 

2 




y 

Iral 
rons 


Trigonal 
tristetrahe- 

drons 


a:ma:ma 


mOm 
mOm 

2 


„\hll\ 




— 2 




Pyritohedrons 


ta:ma:<x>a~\ 


rocow.1 




Apparently 
pyritohedral 
hemihedrons 


Tetrahedral 


a:na:ma 


4 
_ mOn 

4 




12 


4+4' 




pentagonal 
dodecahe- 
drons 


4 


12 
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CombiDatioDS. In this class it is evident that the apparently 
holobedral and hemihedral forms of the various classes, as described 
on pages 40 and 41, may 
occur together on the same 
crystal. For example, 
figures 127 and 128 show 
crystals of sodium chlorate. 
NaClO,, where A = GO O 00, 
iar\lOo\;d = OdO, <nr!lI0f ; 

o 

— O = — -, K,jlllf; 





p (figure 127) = — [ -7-^]. 

Kw\2l0). 



;^ (figure ,28)= +[^^], 




Fig. 129. 



Fig. 130. 



Fig, 131. 



Figures 129, 130, and 131 illustrate crystals of barium nitrate, 
Ba(N03)j, with the following forms: A= cxiOoo, wrjioo;; = 



402 



[^1. 



Il20h 
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Cry stallwr&phic Axes. This system includes all forms which 
can be referred to four axes, three of which are equal and lie in a 
horizontal plane, and intersect each other 
at an angle of 60°. These are termed the 
secondary or lateral iixes, being designated 
by the letter a. These axes are inter- 
changeable. The fourth, a ftrincipal axis, 
is perpendicular to the plane of the second- 
ary axes and is termed the c axis. It may 
be longer or shorter than the secondary 
axes. The three equal axes, which bisect 
the angles between the secondary axes, are 
the intermediate axes. These may be 
Fig. 132. designated by b. Figure 132 showsan axial 

cross of this system. 
In reading crystals of the hexagonal system, it is customary to 
hold the c axis vertical, letting one of the secondary or a axes extend 
from right to left. The extremities of the secondary axes are 
alternately characterized as plus and minus, see figure 132. In 
referring a form to the crystallographic axes, it is common practice 
to consider them in the following order: a, first, then o,, thirdly «„ 
and lastly the c axis. The symbols always refer to them in this 
order. It is also to be noted that in following this order, one of the 
lateral axis will always be preceded by a minus sign. 

Since the lengths of the a and c axes differ, it is necessary to 
assume for each substance crystallizing in this system a fundamental 
form, whose intercepts are taken as representing the unit lengths of 
tiie secondary and principal axes, respectively. The ratio, which 
exists between the lengths of these axes is called the axial ratio and 
is always an irrational value, the a axis being assumed as unity, 
page 7. [43] 
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Classes of Symmetry. The hexagonal system includes a larger 
number of classes of symmetry than any other system, namely, 
twelve. The order in which they will be discussed is as follows: 



X* 



Dihexagonal bipyramidal class 
Di hexagonal pyramidal class 
Dttrigonal bipyramidal class 



( Holohedrism). 
S:HolohedrisTn and^. 
[ hemimorphism. J 



X* 



X 



( Hemihedrism). 



(Hemihedrism anrfl 
hemimorphism. J 



( Tetartohedrism.) 



Trigonal pyramidal class 



Ditrigonal scalenohedral class 
Hexagonal bipyramidal class 
Hexagonal trapezohedral class 
Ditrigonal pyramidal class 
Hexagonal pyramidal class 
Trigonal bipyramidal class 
Trigonal trapezohedral class 
Trigonal rhotnbohedral class 

Tetartohedrism 
and hemimor- 
phism 
{ Og-dohedrism). 
Those classes marked with an * are the most important, for 
nearly all of the crystals of this system belong to some one of them. 
No representatives have as yet been observed for the classes marked 
by t. Those marked + are often grouped together and form the 
trigonal system. 

/. DIHBXAOONAL BIPVIMMIDAL CLAS&^i ' 

( Holohedrism. ) 

Symmetry. This class possesses the highest grade of symmetry 
of any in the hexagonal system. 

a) Planes, in all there are seven planes of symmetry. One of 
these, the principal plane, is parallel to the plane of the secondary 
axes, hence, horizontal. The other planes are divided into two 
series of three each, which are termed the secondary and inter- 
mediate, respectively. Each of the secondary planes includes the c 
or principal axis and one of the secondary, a, axes. These planes 
are, therefore, vertical and perpendicular to the principal plane. 
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They intersect at angles of 60°. The inter- 
mediate planes are also vertical and perpen- 
dicular to the principal plane^, for they 
bisect the angles between the secondary 
planes and, hence, each includes the c and 
one of the intermediate axes. 

The secondary and principal planes 
divide space into twelve equal parts, called 
dodecants; the seven planes, however, into 
twenty-four parts, figure 133. 

These planes are often designated as '^'S- ^^^ 

follows: 

I Principal + 3 Secondary + 3 Intermediate = 7 Planes. 

b) Axes. Parallel to the vertical or c axis is an axis of 
hexag^onal symmetry, while the axes parallel to the secondary and 
intermediate axes possess binary symmetry. These axes are often 
indicated, thus, 

i«+3»+3* = 7 axes. 

c) Center. This element of symmetry is also present, requiring 
every face to have a parallel counter-face. Figure 134, the 
projection of the most complicated form 
upon a plane perpendicular to the vertical 
axis, shows the elements of symmetry of 
this class. 

I. Hexagonal bipyramid of the flrst 

order. From figure 132, it is obvious that 

any plane which cuts any two adjacent 

secondary axes at the unit distance from 

the center must extend parallel to the p| jg^ 

third. If such a plane be assumed to cut 

the c axis at its unit length from the center, the parametral ratio 

would then be 

a, : ooa, ; Oj : c. 
According "to the above elements of symmetry, twelve planes 
possessing this ratio are possible. They enclose space and give rise 
to the form termed the hexagonal bipyramid^^ of the first order, 

■) since ItMK are rally double pyramids, the tetm bipyramtd ii employed. 
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figure 13;. In the ideal form, the faces are 
all equal, isosceles triangles. The symbols 
are (a-.aoa-.o-.c), P, |ioiii.'* Because the 
intercepts along the c and two secondary axes 
are taken as units, such bipyramids are also 
known as ftindamcntal or unit bipyramids, 
page 6. 

Planes are, however, possible which cut 
the two secondary axes at the unit distances, 
but intercept the c axis at the distance mc, 
the coefRcient m being some rational value 
smaller or greater than l, see page 6. Such bipyramids, accord- 
ing as m is greater or less than unity, are more acute or obtuse than 
the fundamental form. They are termed /Horf{/?frf hexagonal bipyra- 
mids of the first order. Their symbols are {a:cca:a:mc), mP, 




Fig. 135. 



\ho/il\, where tn = 



, also VI > o < OD . 



The principal axis passes through the hexahedral angles, the 
secondary axes join tetrahedral angles, while the intermediate bisect 
the horizontal edges. Hence when such bipyramids are held correctly, 
a face is directed towards the observer. The various axes of 
symmetry are located by means of the above. 



2. HexagoDal bipyrsmld of the second order. 

bipyramid does not differ from the preceding. It 



In form, this 
is, however. 
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to be distinguished by its position in respect to the secondary axes. 
The bipyramid of the second order is so held that an edge, and not a 
face, is directed towards the observer. This means that the secondary 
axes are perpendicular to and bisect the horizontal edges as shown 
in figure 136. Figure 137 shows the cross section including the second- 
ary axes. From these figures it is obvious that each face cuts one 
of the secondary axes at a unit distance, the other two at greater but 
equal distances. For example, AB eats a, at the unit distance OS, 
and a^ and a, at greater but equal distances OM and ON, respectively. 

The following considerations will determine the length of OM 
and ON, the intercepts on a, and o„ in terms of OS = i . 

As already indicated, the secondary axes are perpendicular to the 
horizontal edges, hence OS and ON are perpendicular to AB and BC, 
respectively. Therefore, in the right trianglcjORB and NRB, the 
side RB is common and the angles OBR and NBR are equal." 

Therefore, OR = RN. But OR = OS = l. 

Hence, ON = OR + RN = 2. 

In the same manner it can be shown that the intercept on a, 
is equal to that along o„ that is, twice the unit length. The 
parametral ratio of the hexagonal bipyramid of the second order, 
therefore, is (2a ■.2a: a: mc), or expressed according to Nanmann and 

Bravais, Tn?2 and \hh2hl\, where -j- = m. Figure 137 shows 

the positions of the bipyramids of both orders in respect to the 
secondary axes, the inner outline representing that of first, the odter 
the one of the second order. 




lupplcmcdt of ABC. But 
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3. Dlhexifonal bipyramld. The (aces of this form cut the 
three secondary axes at unequal distances. For example, in figure 
138 the face represented by rfB cuts the o, axis at A, a, at C, and 
a, at B. Assuming the shortest of these intercepts as unity, hence, 
OB = a = 1, we at once see that one of these axes is cat at a unit 's 
distance from O. the other two, however, at greater distances. If we 
let the intercepts OA and OC be represented by r(OB) = na, and 
^(OB) = />a, respectively, the ratio will read 

na -.pa : a : ?nc, mFn, {Aikl\ . 

In this ratio/ = -. Twenty-four planes having this ratio 

are possible and give rise to the form called 
the dikexagonal bipyratnid, figure 139. 
In the ideal form the faces are equal, 
scalene triangles, cutting in twenty-four 
polar"', a and b, and twelve equal basal'* 
edges. The polar edges and angles are 
alternately dissimilar. This is shown by 
figure 140, where the heavy inner outline 
represents the form of the first order, the 
outer the one of the second, and the inter- 
Fig. 139. mediate outlines the dihexagonal type in 
respect to the secondary axes. 



From Ihe above 


Iscowlon. It follooa that In ficiire 135 




OA:OC:OB-«:/:I. 


w XB panllcl lo 


oa. and (hen 




OA;XA-OC:XB. 


lh( triangle OX 


Isequilaleral. 




Hence, XB-XO = OB-l. 




And XA-OA-OX-OA 




Theretoie, OA : OA - 1 - OC : " . 




Bui OA=>.,andOC-/. 



II can ilsobeahown that the algebraic lum of Ihe Mlller.Bravaia indlcc* ■{Mii't it cqaal t< 
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These three hexagonal bipyramids are closely related, for, if we 
suppose the plane represented by AB, figure 140, to be rotated about 
the point B so that the intercept along a, increases in length, the one 



Fig. 140. 

along a, decreases until it equals oB' = oB = i. Then the plane is 
parallel to a, and the ratio for the bipyramid of the tirst order results, 
tf. however, AB is rotated so that the intercept along a, is decreased 
in length, the one along a, increases until it equals oC = 20B' = 2a. 
When this is the case, the intercept on a, is also equal to 2a, for then 
the plane is perpendicular to «,. This gives rise to the ratio of the 
bipyramid of the second order. 

That the bipyramids of the first and second orders are the limit- 
ing forms of the dibexagonal bipyramid is also shown by the fact that 

^ = Pqj- if « — I, it follows that * = 00, hence, the ratio 

of the form of the first order. But, when n = 2, p = 2 also, there- 
fore, the ratio for the. second order results. With dibexagonal 
bipyramids the following holds good: 

« > I < 3, and p> 2 < 00 . 

The dibexagonal bipyramid whose polar edges and angles are all 
equal is crystallographicaliy not a possible form, because the value of 
n would then be ■i{i + i''3) = 1/2. sin 75° = 1.36603+, which of 
course is irrational. It also follows that in those dibexagonal bipyr- 
amids, where the value of n is less than i. 36603 + , for instance, 
8=1.20, the more acute pole angles indicate the location of the 
secondary axes, the more obtuse that of the intermediate, and vice 
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versa, when « is greater than 1.36603+, for example, | = i.6o. 
This is clearly shown by figure 140, 

Hexagonal prism of the first order. This form is easily de- 
rived from the bipyramid of the same order by allowing the intercept 
along the c axis to assume its maximum 
value, infinity. Then the twelve planes of 
the bipyramid are reduced to six, each 
plane cutting two secondary axes at the unit 
distance and extending parallel to the c 
axis. The symbols are {a :CCa : 0:00c), 
ooP, Jioio|. This form cannot enclose 
space and, hence, may be termed an ofien 
form, page 6. It cannot occur indepen- 
dently and is always to be observed in 
combination, figure 141. The secondary 
axes join opposite edges, i. e., a face is 
directed towards the observer when properly 
held. 

Hexagonal prism of the second order. 

This pnsm bears the same relation to the 
preceding form that the bipyramid of the 
second order does to the one of the first, 
page 46. The symbols are (2a:2a :a : coc), 
OdP2, )ii2o{. It is, hence, an open form 
consisting of six faces. The secondary axes 
join the centers of opposite faces, hence, 
an edge is directed towards the observer, 
figure 142. 

DihexBgonal prism. This form may 
be obtained from the corresponding bipyra- 
mid by increasing the value of m to infinity, 
which gives {na : pa : a : Ooc), OoP«, 
\hiko\. This prism consist of twelve 
faces whose alternate intersection angles are 
dissimilar. This form, figure 143, is closely 
related to the corresponding bipyramid and, 
hence, all that has been said concerning 
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the dihexagonal bipyramid, page 4S, in respect to the location of 
the secondary axes and its limiting forms might be repeated here, 
substituting, of course, for the bipj^amids of the first and second 
orders the corresponding prisms. 

7. Hexagonal basal pinacoid. - The faces of this form are 
parallel to the principal plane of symmetry and possess the following 
symbols {<x>a:<Xia:CCa:c), OP, Joooif. It is evident from the 
presence of a center and principal plane of symmetry that tv-fo such 
planes are possible. This, like the prisms, is an open form and most 
always occur in combination. Figure 141 shows this form in com- 
bination with the prism of the first order. 

These are the seven simple forms possible in this system. Their 
principal features may be summarized as follows: 
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Relation of forms. The following diagram, similar to the one 
for the cubic system, page 23, expresses Very clearly the relationship 
existing between the various simple forms . 



ooa -.Qoa-.cca :c 



a : 000 : a : coc- 




2a:2a:a: Ccc 



ComblnatioQS. The following figures illustrate some of the 
combinations of forms of this class. 

Figure 144,/ = P. jioii} ; o ^ mP, \hohi\. 
Figure !45, ?* = P, ! loTi I ; w = P2 iii2i}. 




Figure 146, _^ = P, {loi i i ; J^' = JP 2, 12243 (. 
Figure 147, m = ooP, Jioioi;;* = P, Jioni. 
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Figure 148, 
jioiof ; f =V, jioiij; w = 
2P, J202i};c = OP, jooOiS; 
5 = 2P2; jii2i{; and v = 
3P4, i2i3i}. This combina- 
tion occurs on beryl, Be,Al, 
(SiO.).. 



DIHEXACONAI. PYRAMIDAL CLASS. 

m = ooP, 




Fig 147. Fig. 148. 

: hemimorphic, that is, 




(Holohtdrism with ffemimorpkism. 

Symmetry. The forms of this cla 
the principal plane of symmetry disappears and 
the singular, c, axis is now polar, page 16. 
The disappearance of the principal plane 
necessitates also the loss of the center and six 
binary axes of symmetry. Hence, the remain- 
ing elements are three secondary and three 
intermediate planes, and one polar axis of 
hexagonal symmetry parallel to the c axis. 
Figure 149 shows the elements of symmetry 
of this class.'' 

Forms. The forms of this class differ from those of the 
preceding (holohedral) in that the faces occurring about either 
pole" are to be considered as belonging to independent forms. 
Hence, each of the three bipyramids yields two new forms, called 
upper and lower pyramids, respectively. For example, the dihexa- 



Fig. 152. 
ol the principal plaoe bat 




Fig. 150. 



I) HtmimoTphicgreufatUiOA. 

•) The heavy dolled and dashei 

tbowi Ihsl hemimorpbiam ii efleciiv 

•) The eodtef the principal or < 



ne not only Indicalea the absenc 
Compare pagea 26. 32, and SB. 
is are often epoken of as palti. 
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gonal bipyramid yields the upper and lou-cr dihexagonal pyramids,*^ 
each possessing twelve faces. Figures 150, 151, and ij2 show the 
upper forms of the three bipyramids. These pyramids are open 
forms. They are shown in combination with the lower basal 
pinacoid, for it is also divided into an upper and lower form of one 
face each. The symbols of these forms are the same as those used 
for the holohedrat, except that the end of the c axis is indicated 
about which they occur. Since, however, the development of the 
prisms is the same about both poles, no new forms result from them. 
The principal features and symbols of the forms of this class are 
given in the following table: 
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Combinations. 

OP 
Figure 153.*^= — «. 

P 
ioooii ; o = " u 8lI, 

jioil} & jioiif; i = 



- U&. I, )202ii & i2o2l(; V = — /, J2023 




.iP 



/, ! 1012J ; observed on lodyrite, Agl. 
P 



OoP, {loioj, observed on 



Figure 154, p=-^w, iioiih 
Zincite. ZnO. 

HBXAQONAL HEMIHEDRISMS. 

In the hexagonal system four types of hemihedrism, as illustrated 
by figures 155 to 158, are possible. 



Fig. 156. 



Fig. 166. 



Fig. 167. 



a) Trigonal hemiliedrism. The three secondary planes of 
symmetry divide space Into six equal sections." All faces in alternate 
sections are extended, the others suppressed, figure 155. 

b) Rliomboliedral hemiliedrisni. The three secondary planes 
together with the principal plane divide space into twelve sections, 
called dodecants, page 45. Faces in alternate dodecants are 
subject to extension, figure 156. 

c) Pyramidal hemihedrism. By means of the three second- 
ary and three intermediate planes twelve sections, figure 157, result. 
Faces in alternate sections are suppressed- 

I) Lieblsth, howFver, refers to tbe sections derived by Ibc IntenectiDn of Ihe InteimedUte 
Inileadoi ihesecondiiy planes. The forms, wbicb result, arc in both oiet Idem leal. Their position! 
in respect to the seiondaiy axes dider by an angle of 30". Compare Liebiich, Grundriii der 
Pbyaikallschen Kryalallotraphle. 1886. lil. 
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d) Trmpezohedral hemlhedrlsm. All planes of symmetry 
possible in this system divide space into twenty-four sections. The 
extension of faces occurs in alternate sections of this character, 
figure 158. 

Of these hemihedrisms, the rhombohedral and pyramidal types 
are the most important. No representative of the trigonal 
hemihedrism has yet been observed. 

3. DITKiaONAL BtPVRAMIDAL CLASS. 

( Trigonal Hefiiihedrism.) 
Symmetry. From figure 155 showing this method of hemi- 
hedrism it is obvious that the secondary 
planes of symmetry are lost. With them the 
center and the axis of hexagonal symmetry 
also disappear. The elements of this class 
are, hence, one principal and three interme- 
diate planes, three binary axes parallel to the 
intermediate, and an axis of trigonal symmetry 
parallel to the c axis. The binary axes are 
polar. Figure 159 not only shows these 
elements but the application of the hemihe- 
drism as well. 
Trigonal blpyramlds. From the hexagonal bipyramid of the 
first order two correlated, congruent forms, each bounded by six 
equal isosceles triangles, result. These forms and their position in 
respect to the secondary axes are shown by figures 160-165. They 

., ™ . ■ I fa: 00 fl:o:w/cl 

are the trigonal bipyramids. The symbols are _r ; 

+ \hohl\, figure 162; — , \ohhl\, figure 160. 

The axis joining the trihedral angles is of .one of trigonal 
symmetry, those passing through the centers of the horizontal edges 
to the opposite tetrahedral angles are of binary symmetry. These 
are parallel to the intermediate axes. 

Trigonal prisms. The corresponding hexagonal prism yields 
two trigonal prisms," each bounded by three faces, as is shown by 
figures 163 to 168. 




Being open formi, they are shown in combinaiion witb the ban] pioi 
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The symbols are: 



(a: <Xia:a: oocl 



, \koAol, 



figure 1 68; 



\ok/io\. 



i66. 



The trigonal axis is parallel to the intersection lines of the prism 
faces, while those of binary symmetry pass from the centers of the 
faces to those of the opposite edges, figures i66 and l68. 

Ditrigonal bipyramids. Every dihexagonal bipyramid, when 
subjected to the trigonal hemihedrism, gives rise to two correlated 
and cpngruent forms, bounded by twelve scalene triangles, which are 
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known as the ditrigvnal bipyramids. The derivation and position 

of these forms are illustrated by figures 169 to 174. 

^ , Uia:pa:a:mc\ , otP« 
The symbols are; -f 



, +— — , \hikl\, figure 



171 ; , \thkl\, figure 169. 

The trigonal axis joins the hexahedral angles, those of binary 
symmetry extend from an obtuse to an opposite more acute tetrahe- 
dral angle. 






1"^ 


_,,J— 





Fig. 177. 
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Dltrigonal prisms. The dihexagonal prism yields two ditri- 
gonal prisms, as shown by figures 172 to 177. The symbols are 
. \na:pa:a: OOcl 



figure 175. 

The tr^onal axis is parallel to the intersection lines of the prism 
faces, those of binary symmetry are parallel to the intermediate axes. 

Other forms. The bipyramids and prism of the second order as 
also the basal pinacoid are not changed {geometrically by the trigonal 
hemihedrism, for none of their faces lie wholly within the sections 
formed by the secondary axes. Compare figures 159 and 164. These 
forms are, therefore, apparently holohedral. 

No representative of this class has yet been discovered. 

The chief characteristic of the forms may be tabulated as follows : 
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4. DintiaONAL SCALBNOHBDRAL CLASS.^) 



{Rhombohedrat Hemihedritm.) 




Symmetry. The principal and second- 
ary planes of symmetry together with the 
hexagonal axis are lost. The following 
elements are present: three intermediate 
planes, three axes of binary and one of 
trigonal symmetry, also the center. Figure 
1 78 shows these elements and the applica- 
tion of the rhombohedral hemihedrism, 
page 55- 



BhombobedroDS. From the hex^onal bipyramid of the first 
order two new congruent forms are the result of this type of hemihe- 
drism, figures 181 to 183. In the ideal development each of these 
forms is bounded by six equal rhombs and are called positive and 
negative rhombohedrons. The lateral 
edges form a zigzag line about the torm. 
The six polar edges fonn two equal trihe- 
dral angles, bounded by equal edges. 
These may be larger or smaller than the 
other trihedral angles, according to the 
value of flic.'* 
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— -, .iAoA^I, figure 



I83i — - 



, figure i8l 



The principal crystallographic axis passes through the two equal 
trihedral angles, the secondary axes bisect opposite lateral edges. 
These axes indicate the directions of those of trigonal and binary 
symmetry, respectively. 

ScaleDOhedrons. Every dihexagonal bipyramid gives rise to two 
congruent forms, bounded by twelve similar scalene triangles, called 
scalenohedrons, of which one is fosilive and the other ncgntive, 
figures 184 to 186. Each possesses six obtuse and six more acute 
polar edges, also six zigzag lateral edges. As is the case with the 
rbombohedrons, obtuse and acute scalenohedrons are possible, 
depending upon the value of a:c. 





Fig. 185. Fig. 188. 
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The symbols 
mPn 



( fig : fin: a 

— [ 2 

\iAk/}, iigure 184. 



■■\Aiil\, figure 



Scalenohedrons with twelve equal polar edges are crystal- 
lograpbically impossible, see page 49. 

The axis of trigonal symmetry passes through the two hexah&- 
dral angles, while those of binary symmetry bisect the lateral edges. 
The other holohedral forms remain unchanged by the application 
of the rhombohedral hemihedrism, compare figures 178, 182, and 185. 
Abbreriated Symbols of Naamaaa. In order to more easily 
express some of the interesting relationships existing between forms 
of this class, which are quite common, 
P . . mP 
'- 2 ' 
the symbols of the rhombobedrons used 
above, +R and + mR, respectively. For 
eveiy rbombohedron there exists a series of 
scalenohedrons, whose lateral edges coin- 
cide with those of the rbombohedron, as 
shown in figure 187. The inscribed rhom- 
bohedron is known as " /Ae rhomboAe- 
dron of the middle edg-es. " The scalen- 
ohedrons may, therefore, be indicated in 
general by mKn, mR representing the 
"rbombohedron of the middle edges." In 
mRn, n has reference to the value of the c 
axis'' of the scalenohedron in respect to that, 
of the rbombohedron wR. For example, 
in figure 1 87, the length of the c axis of the 
Fig. 187. scalenohedron is three times that of the 

inscribed positive unit rbombohedron. The 
symbol for this scalenohedron is, hence, according to Naumann +R3. 
The prism of the first order GO P, also the basal pinacoid OP, 
are often written OoR and OR, respectively. The symbols for the 
other forms mP2, aoP2, CcPn, remain unchanged. 




1) AndnoltotheMconJary *xes, *sii nsually tli 



ir Niuminn aymboll. 
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To transform the full into the abbreviated symbols and vice 
versa, the following formulae are useful: 
mFn _ mi2 — «) 



'R^^. Thus.^* = 2R2. 
2 — « 2 



mnV- 



2. mRn = - 

3. >'\/ilk/} ■■ 

4. mRn = 



+ I 4Pi 
. For example, 2R2 = — -. 



2k — A h 



Here, «i4i3'i = 2R2. 

_(„_,). -(„ + !). j^J. For 

instance. 2R2 = 11)4131}. 

The principal features of the forms of this class are given in the 
fallowing table: 





SYMBOLS 




1 

■3 


Solid ADglM 


FORMS 




1 


1 


i 




WeiM 


»..„.. 


r:;. 


1 


Rhombohe- 


, {a■.'Xa■.a•.mc^ 


— mJt 


„\hohl\ 
K\ohhl\ 


■6 


2+6 


- 




drons 


H ' \ 




Hexagonal 

Bipyramid 
Second order 


2a : 2a : a : mc 


mP2 


K\hh!hl\ 


Apparently 
holohedral 


Scalenobedrons 


±["-^^1 


-\-7nRn 
— mRn 


.\hihl\ 
< \ihkl\ 


12 


- 


6 


2 


Hexagonal 

Prism 
First order 


a : QOa : a:Ooc 


ixR 


.\/ioko\ 










Hexagonal 

Prism 
Second order 


2a: 2a : a : CXiC 


<xPi 


k\t I20\ 


Ap 


pare 
holo 


ntl 


ral 


Dihexagonal 

Prism 


na:pa:a:Cfic 


^Pn 


<\hfko\ 










Basal Pinacoid 


Caa :00a : GOo : c 


OR 


K ! ooor j 
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Combinstiona. Many of the more common minerals crystallize 
in this class, for example, Calcite, CaCO, ; Hematite,* Fe,0, ; Corun- 
dum, A1,0, ; and Siderite, FeCO,. 




Fig. 188. 



Fig. II 



Fig. 190. 



Fig. 191. 



Figure 1 88. r = R, «)ioii}; c = OR, "joooi j. Calcite. 

Figure 189. e = — ^R, K.\Q\\i\\m = OOR, «)ioio}. Calcite- 

Figure 190. e = — -tR, ic(oii2! ; a = aoP2, «) 1120}. Calcite. 

Figure 191. r = R, kJ lOii J ; /" = — 2R, *(o22i|. Calcite. 



Fig. 193. 




Fig. 194. 



Figure 192. T/=R3, ^\2\l\\\ r=R, «iioiii. Calcite. 
Figure 193. r = R, njioii); v = R3, k{2I31 i._ Calcite. 
Figure 194. c = OR, k{oooi }; m = OoR, *) loioi ; s = K5, 
«j325i}; a^osP2, «lii2o}. Calcite. 




Fig. 196. Fig. 196. 
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Figure 195. d = OR, (tjoooij; r = R, 
k{ ioii |. Corundum. 

Figure 196. d = OR, KJoooii; r = R, 
lejioii j; » = iP2, «i2243| ; / = C0P2, «|ii2oi. 
Corundum. | 

Figure 197. r = R, <j loi i { ; '^ = iR. 
((jio74!; p = 4P2, «J2243f . Hematite. 

Figure 198. r = R, kJiou}; 4r = 4R, 
Ki404i!; w = R5, «)33Si}; « = R3, *|2i3i I ; 
^ =GoR, KJioioj. Calcite. Fig. 198. 

6. HBXAOONAL BIPVttAMIDAL CLASS.^) 

(Pyramidal //emthedrisin.) 

Symmetry. The secondary and intermediate planes and the 
six axes of binary symmetry are lost. The remaining elements are 
the principal plane, the hexagonal axis and the center of symmetry, 
figure 203, page 6^. 

Hexagonal bipyramids of the third order. Figure 200 illus- 
trates the pyramidal . method of extension and suppression of faces 
on the dihexagonal bipyramid. It is obvious that this bipyramid 
yields two new forms, each bounded by twelve equal isosceles tri- 
angles. They are termed positive (figure 201} and neffuiive'^ (figure 
199) hexagonal bipyramids of the third order. In form these 
bipyramids do not differ from those of the first and second orders. 
Figures 202 and 204 show the positions of these bipyramids in 
respect to the secondary axes. The inner and outer light outlines 
represent the horizontal cross-sections of the bipyramids of the first 
and second orders, respectively, while the heavy outlines show the 
cross-sections of those of the third order. These occupy an inter- 
mediate position. 

The symbols are: ±_ ^-— ; + — — , v\Atkt\ fig- 






mPn - 

are 201; — — — , v\ihkl\ figure 199. 
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The axis of hexagonal symmetry passes through the hexahedral 
angles. The position of the secondary crystallographic axes is shown 
by figures 202 and 204. These do not join the tetrahedral angles 
or the centers of the basal edges, but some point between them, 
which is dependent upon the value of n. Compare figures 135 to 136. 
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Hex^onal prisms of the third order. From the dihexagonal 
prism two congruent forms consisting of six planes, the positive 
(figure 207) and negntive (figure 305) hexag-onal prisms of the 
third order are derived. Figures 202 and 204 show these forms and 
their relation to the other hexagonal prisms. Their position in 
regard to the secondary axes is the same as for the bipyramids of this 
order. 

Tu L 1 -I- f «g -.fa: a ■.^c \ , CPp« ,7- , 
Ihe symbols are: x. 1 \ H ^ — * it\ntko\ 

ocP« 
figure 207; — , ■ic\ihko\ figure 205. 

The axis of hexagonal symmetry extends parallel to the edges. 

The other holohedral forms are unaltered by the application of 
the pyramidal hemihedrism, since the suppression efifects only one half 
of each face. Compare figures 200, 203 and 206. They are, hence, 
apparently holohedral. 

The principal features of this class have been summarized in the 
following table : 





SYMBOLS 


i 


So 

■An, 


d 
« 




W«n 


NsuR»iin 


M<Ll.r- 
Br.v.i< 


II 


|l 


Hexagonal 

Bipyramids 
First order 


a:<Xia-.a:mc 


,nP 


ir\ht>A/\ 


App 
ha 


aren 
ohe 


V 


Hexagonal 

Bipyramids 
Second order 


«:„:.:». 


mP2 


n-jAAjA/} 


Jral 


Hexagonal 

Third order 


f ,0 : ^ : . : «1 


r^^ 
V"-^ 




12 


6 


2 


J-l , J 


Hexagonal Prism 

First order 


a ;00« :(i:OCf 


CCP 


'i*"*"! 


App 


arently 


Hexagonal Prism 
Second order 


2a:m-.a-.<J^£ 


(X>P^ 


,|,,J„i 


holohe. 


iral 


Hexagonal Prisms 
Third order 


^(»i,.:.;O0.J 


r 00^ 
1 °°-^« 




6 


- 


- 


Basal PInacoid 


001 ; CX)o : CCa : c 


Of 


.i<,co,\ 


Apparently 
holohedral 



= b, Google 



HEXAGONAL SYSTEM. 



Fig. 208. 



Combinations. Figure 208. m = ooP, 
wjioioi; c= OP, irjoooij; .V = P, irJioii|; 

J = 2?z, xiii2i{; M = + ^ , »)i23i{. This 
combination has been observed on apatite, 
Ca,Cl{POJ,. 



6. HBXAQONAL TRAPBZOHBDRAL CUSS.1) 
( Trapezohedral HetnihedrUtn. ) 

Symmetry. The center and all planes 
of symmetry disappear. Hence, the ele- 
ments of this class are the hexagonal axis 
and six binary axes of symmetry, figure 209. 
HexagoDEl Trapezohed ronfi. From 
figure 211 it is evident that by means of this 
hemihedrism, the dihexagonal bipyramid 
yields two correlated forms bounded by 
Fig. 209. similar trapeziums. The forms are enan- 

tiomorphous and designated as the rig^ht 
and left hexagonal trapezokedrons. 




Fig. 210. 



Fig. 211. 



^, . , , , (naipa : a : mc 
Their symbols are: r, I — 

,»^P« , , TV ,, ^ 
figure 212; /— — ,T\kthl\ figure 210. 




1) Trapnukciralgtmp ol Dana. 



', ,\hihl\ 
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On the ri^ht trapezohedrons the six longer basal edges are 
inclined to the left of the observer and, vice versa, to the right in the 
case of the left form, compare figures 212 and 210. 

The axis of hexagonal s)mimetry joins the hexahedral angles. 
The secondary crystallographic axes connect the centers of the longer 
basal edges, the intermediate those of the shorter. These axes 
possess binary symmetry. 

Since this hemihedrism calls for the suppression of only portions 
of each of the faces of the other holohedrons, no new forms can b& 
derived from them. They are apparently holohedral. 

The chief features of the forms of this class are given in the 
following table: ' 





SYMBOLS 


C 

i 
1 

A 
ho 


An! 
I 

JPJ 

en 
loh 

d 


i« 




Wei» 


N>uiiiun 


Mlller.Biavaii 


, 


Hexagonal 

Bipyramids 
First order 


a: oca laimc 


mP 


T\h0hl\ 


r- 

iv 


Hexagonal 

Bipyramids 
Second order 


' 2a : 2a : a \ mc 


mP2 


T\hh2hl\ 


e- 
ral 


Hexagonal 
Trapezohedro ns 


r Aria:ta:a:mc\ 


mPn 

"- 2 
mPn 
2 


T\hfkl\ 

r\kThl\ 


13 


12 


2 


Hexagonal Prism 
First order 


a : cxia .a : tXc 


QOP 


T\hoho\ 








Hexagonal Prism 
Second order 


2a: 2a : a :ccc 


QC P2 


■r\lI20\ 


Appar- 
ently 


Dihexagonal 
Prism 


na -.pa -.a iCCc 


CCpn 


T\hiko\ 


dral 

1 1 


Basal Pinacoid 


cca :00o:00o ; c 


OP 


rj 000/} 
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No crystals showing the occorrerce of the hexagonal trapezo- 
hedrons have as yet been discovered. The double salt, barium stibio- 
tartrate and potassium- nitrate, Ba(SbO), (C.H.O,), + K N O,, and the 
corresponding lead salt are assigned to this class. The crystals are 
apparently holohedral, the etch figures, however, reveal the lower 
grade of symmetry. 

T. DITRiaONAL PYRAMIDAL CLASS.^) 

( Trigonal MmiMfdrism tuiih f/emimorpkism. ) 

>\ Syminetry. If the foims of the ditri- 

-^ gonal bipyramidal class, page 56, become 

\ hemimorphic, the principal plane of symmetry 

/ and, of course, the axes of binary symmetry 

^**^ also are lost. Three intermediate planes and 

1 / a polar axis of tr^onal symmetry parallel to 

the c axis are the only elements left. These 
Fig 213 , . , . ^ 

symmetry relations are shown m figure 213. 

The- forms of this class may, moreover, be considered also as 
derived from those of the ditrigonal scalenohedral class, that is, from 
those showing rhombohedral hemihedrism, page 60. A comparison 
of figures 159 and 1 78 reveals the fact that when hemimorphism 
becomes effective the resulting forms must in both cases- be the same. 
Therefore, this class is often known as the rhombohedral hemi- 
morphic class. 

Trigonal pyramid of the first order. The trigonal bipyramid, 
page 56, the result of the application of the trigonal hemihedrism to 
the hexagonal bipyramid of the first order, yields upon the addition 
of hemimorphism ufper and lower forms, consisting of but three 
faces each. Since there are two trigonal bipyramids, one positive 
and the other negative, it follows that each hexagonal bipyramid of 
the first order now yields four forms.'' Being singly terminated, they 
are termed trigonal pyramids.*' 

t ) Called by Dana ib« r/iombohtilral htmimnrphic clau. 

>) Th« lonns an, hrnce, aometimci said to be the reiult of telartohedriim, namely tbe ditri- 
gonal pyramidal tetaTtoksdrism. 

S) Campare Caotnoteon page SI. The Utteis u and ' deslgnale tbc upper and lower (onnt, 
TeipectLvely. 
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Their symbols are: 



Positive upper, + 1 


f" 


: QOa ; a 


\mc^ otP 


\holil\. 


I 


4 


J», ^ «. 


Positive lower, + 


['-^ 


: 00a la 


:m<:l ».P 


\haVl). 


4 


J'-+ 4 '• 




\' 


:ODa :a 


:otc1 mP 


\ohhl\. 




[ 


4 


l«, ^ », 


Negative lower, — 


f" 


: Qoa -.a 


:,„^1 «P 


\ohhi\. 




4 


'• 4 • 



Hexagonal pyramids of the second order. The hexagonal 
bipyramid of this order remains unaffected by the trigonal hemihe- 
drism, page 59, but now yields an upper and lower form, each 
consisting of six faces, termed hexagonal pyramids of the second 
order. 

( 2a : 2a : a imc^ , 

The symbols are: I [ «, *>" 



Dltrigonal pyramids. The dihexagonal bipyramid by means 
of the trigonal hemihedrism yields the positive and negative ditrigonal 
bipyramids, page 57. Each of these bipyramids now gives rise to 
an upper and lower form, termed ditrigonal pyramids.'' These, 
like the preceding pyramids of this class, are open forms. They 
consist of six faces. 



The symbols are: 

mPn 



u, \hikl\. 



, { na : fia : a : mc 1 , , w P« , , , . r 7i 
Positive lower, + ^ /, + — — /, \htkl\. 



I) Slnte, R9 aald on page 70, ihese foims may be cODStdered aa derived from tho-e ahovrint 
rhombohedral hemihedrism, Ihc lerms rhemboktdron. and icabvokedron-liki (acea are sometimw uied 

rhgmbohedron and scalenohedron. 
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(na -.pa -.a : mc] mVn ,..t,> 
Negative upper, — \u, '7~**' !'"**!■ 

(na :pa -.a : mc'l , mPn ,.,7-}. 
Negative lower, — /, — /, {tAki\. 

Trigonal prisms. Hemimorphism does not aSect, morphologi- 
cally, the trigonal prisms, tbe hemihedrons of the hexagonal prism 
of the first order, page 56, for each face belongs alike to the upper 
and lower poles. 

The symbols .are: + i H —< lAoAoJ; 

OOP 
^. \ohho\. 

Hexagonal prism of the second order. It will be recalled that 
the hexagonal prism of this order remains unchanged, geometrically, 
by the trigonal hemihedrism, page 59, Hence, as in the preceding 
case, each face belongs alike to the upper and lower poles, hemi- 
morphism also can not be effective in the production of new forms. 
This prism is, therefore, still apparently holohedral. 

Its symbols are: 2a : 2a : a : Qoc, C0P2, [Ahsho]. 

Ditrlgonal prisms. As in the case of the trigonal prisms, page 
59, these forms remain unchanged. 

_. . , (na : pa :a:Ccc] . . GOpw - 

The symbols are: + I J + — - — , [fl ? A o j ; 

These, tc^ether with the trigonal prisms, are not to be dis- 
tinguished morphologically from those of the ditrigonal bipyramidal 
class. They are apparently hemihedral. 

Basal pinacoids. This form now evidently consists of two 

types, upper and lower, of one face each. 

_, , , f OOfl :00« :GOfl :cl , OP , , 

The symbols are: «, /,■ u, joooif; 

-^/, Joooij. 

In all the above forms the crystallographic axes are located as 

in the ditrigonal bipyramidal class. 
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The following table shows the principal features of the forms of 
this class: 





SYMBOLS 


\ 

1 

3 


So 
An 

1 
I 

I 


lid 

i» 




W«iH 


NauouDD 


Mi]l«-Biav^i 


^ 


Trigonal Pyramids 
First order 


,„,,,|.,=c^. 


mP 


- 


Hexagonal Pyramids 


f ^fl ■ ^ ■ o ■ nn-l 




{*a,a;1 


6 




Second order 


».'l ' J 




Ditrigonal Pyramids 


+., +/[''"'^'"'] 


mPn 

vtPn . 
4 




6 


I 


Trigonal Prisms 


+r"%"°°'] 






1 1 ' 

1 Appar. 
lently of 
ditrigonal 


Ditrigonal Prisms 


\na-pa:a:mc\ 






bipyra- 
midal 


^l ^ J 




drciitly 
hedral 


Hexagonal Prism 
Second order 


za:2a:a: <Xie 


00 p^ 


j«,*.} 


App 
holo 


Basal Pinacoids 


fa)atXa:00,7:<:l 


Of. 

4'"' 


\o,oT\ 


I 


- 


- 



CombiDStlons. The mineral tourmaline furnishes excellent 
combinations of the above forms. 
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In the accompanying figures 






p _ 

2 14 and 215, P = + — u, \ioll\ 






p 2P 

P= + — I, \oiti\; = —u, 






, - , OP , . -. 
|o22ih c = —I, loooii; n = 


Fig. 214. 


Fig. 215. 


'+— /, iOM2h *=Q0P2, JI120( 


= +2f'»,3,; 


ji;/=- 


— -, ioiioi. 



As indicated on page 70, these forms may be assumed as 
derived from those of the ditrigonal scalenohedral class, i- e., showing 
rhombohedral hemihedrism, and, hence, are often designated as 
follows : 

i = 00F2 ; / = -— ; o = — 2R«. 



A HBXAOONAL PYRAMIDAL CLASS. 

{fyramidal Hewnkedristn with Heminutrphisfit.) 

Symmetry. This class possesses but one 
element of symmetry, namely, a polar axis of 
hexagonal symmetry, as shown io figure 216. 
This is obvious, for when the forms of the hex- 
agonal bipyramidal class, page 65, become 
hemimorphic, the principal plane and center 
of symmetry are of necessity lost. ( Forms of 
F^. 218, exactly the same character are, moreover, to 

be derived by applying hemimorphism to those 
of the hexagonal trapezohedral class. Compare figures 203 and 209. 
Forms. The bipyramids of the first, second and third orders of 
the hexagonal bipyramidal class'* now consist of upper and lower 



ently holohednl la boita 
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pyramicb. The prisms, on the other hand, remain unaffected mor- 
phologically. The basal pinacoid, of course, is now com[)osed of an 
upper and lower form. 

As in the preceding; class, these are now open forms. Their 
position in respect to the crystallographic axes is the same as in the 
hexagonal bipyramidal class, page 65. 

The principal features are given in the following table: 



FORMS 


SYMBOLS 


PACES 


Wdu 


».„... 


BnvBli 


Hexagonal 

Pyramids 
First order 


U:<:Ca:a:mc\ 


1£, 




\ ^ 


"''t ^ J 


Hexagonal 

Pyramids 
Second order 


\2a:2a-.a:,nc\ 






1 

1 


••'[ ^ J 


Hexagonal 

Pyramids 
Third order 


±-t'[^^^V^1 


4 
L 4 




1 

6 


Hexagonal Prism 

First order 


fl:GCfl;a:GCr 


CPP 


{*.loj 


Appar- 
ently 


Hexagonal Prisms 

Second order 


2a : za : a : riX^e 


a:) Pi 


)**'*'} 


holohe- 
dral 


Hexagonal Prisms 
Tliird order 


^J..:,.:.:GC<-j 


_ (XiPn 




6 

J 


Basal Pinacoids 


^{(X-a ■ CCa :<Xi :fl 


OP 
9fl 


(ooo7( 


1 

1 



CombiDations. By means of etch figures crystals of a number of 
compounds have been referred to this class. Among the minerals, 
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nepbeline, Na,Al,Si,0,j, is to be mentioned. Figure 217 
shows a crystal of strontium antimonyltartrate, Sr (SbO), 

p _ 

(C^H.O,),, OT-=00P, lioioh o = — «, lioiij; x = 



2P 



/, ) 202 1 t . 



HEXAGONAL TETARTOHEDRISMS. 

The tetartohedral forms may be assumed as derived 
V from the holohedral by applying simultaneously two types 

Fig. 217. of hemihedrism, page 55. Thus, by combining the tri- 

gonal and pyramidal hemihedrisms, the trigonal tetarto- 
hedrism results, figure 218. A second type, known as the trapezo- 
hcdral tetartohedrism, is the result of the combination of the 



Fig. 218. 



Fig. 219. 



Fig. 220. 



rhombohedral and trapezohedral hemihedrism, figure 219. The 
simultaneous application of the rhombohedral and pyramidal hemihe- 
drisms gives rise to the rhombohedral tetartohedrism, figure 220. 
These three are the only types possible, for other combinations 
of the four methods of hemihedrisms do not 
satisfy the conditions of tetartohedrism. 

9. TRiaONAL BIPYRAMtDAL CLASS. 

( Trigonal Tetarlohedrism. ) 

Symmetry. This class possesses two ele- 
ments of symmetry, namely, a principal plane 
Fig. 221 and an axis of trigonal symmetry, figure 221. 
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Trigonal b i p y r a- 
mlds and prisms of tho 
first order. As can be 
readily seen from figures 
222 and 223, the hexa- 
gonal bipyramids and 
prism of the first order now 
yield trigonal bipyramids 
and prisms, respectively. 
These forms do not differ 
morphologica 1 1 y from 
those of the ditrigonal bipyramidal class, compare figures 160 to 168. 

The symbols for the trigonal bipyramids of the first order are: 
f a : 00a : a : wfg l 

\a : cca : a : mc'\ mP 



Fig. 222. 



Fig. 223. 



Those for the corresponding trigonal prisms being: 



a : <X>a : a : cx)cl 



I a : ooa : a : ccc\ 



\hohQ 



Trigonal bipyramids and prisms of tho second order. These 
forms are obtained from the hexagonal bipyramid and prism of the 
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second order as can be seen from figures 224 to 229. The position 
of these forms as well as those of the other two orders in respect to 
the cry stall ographic axes is shown in figure 237. 

The symbols for the trigonal bipyramids of the second order: 
, f 2a : 2a : a : jnc] wP2 



\2a : 2a : a : mc 



+ """ , {hh2hl\, figure 226; and 
--— , \2hhhl\, figure 224. 



Those of the corresponding trigonal prisms: 



\hh2hd), figure 229, and 
\2hh~ho\, figure 227. 



Trigonal bipyramids and prisms of the third order. The 

dihexagonal bipyramid now furnishes four new forms, termed trig^ 
onal bipyramids of the third order, while the dihexagonal prism 
yields the corresponding prisms. Figures 230 to 235 show the 
derivation of two forms of the bipyramid and prism. Figures 236 
and 237, however, show the position of these forms in respect to the 
crystallc^aphic axes as also to the forms of the other orders. 





TRIGONAL BIPVRAHIDAL CLASS. 

The symbols of the bipyramids are: 
Positive right, 

(na -.pa: a: mc\ , mPn ,, .t » ^ 
+ ^ , ~ = +r— --; {A I A/}, figure 23a. 



+ /| |; +^^r-; I^M/j, figure 230. 



Negative right, 



Negative left, 
fna: pa 



4 
■m?n 



\ihkl\. 



Those of the prisms are: 




The basal pinacoid, as is obvious from figures 223, ^28 and 23^^, 
remains unaltered. 
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The following table summarizes the principal features of each 



No representative of this class has yet been discovered. 





SYMBOLS 


1 

■B 


So 
As 

■ 


Id 




w.^ 


NauDuoD 


MiUu-Bnvkli 




Firet order 


±("^^^^^1 


> 


i*.*;| 
|.**;| 


6 


2 

2 

2 


3 


Trigonal Bi pyramids 


!,.:^':.:n^\ 




1 **;*;( 


6 




Second order 


-I . J 




Tr^onal Btpyramids 
Third order 


±.±,[=-^^1 


mPn 

'4 




6 


3 


Trigonal Prisms 

First order 


±[•^^^^7^1 


OC/" 

2 


(*.*-.( 
i<,«»-»| 


3 


- 


- 


Trigonal Prisms 


1 f«:M:i:aor] 




(,77.1 


8 




Second order 


-LI ^ J 




Trigonal Prisms 

Third order 


{ 4 J 


4 

,00/., 

L 4 


1*73.) 


3 

2 


- 


Basal Pinacoid 


Xa:Xa:Xa:c 


or 


{•"""} 


- 
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10. TRIGONAL THAPBZOHBDftAL CLASS.^ 

(^Trapezahedral Tetariokedrism.) 

Symmetry. A principal axis of trigonal 
symmetry and three polar axes of binary 
symmetry are the only elements in this 
class, figure 238. 

Rhombohedrons of the first order. 
From the hexagonal bipyramid of the first 
order, two rhombohedrons of the same 
order result as can be seen from figure 239. p. ^.^ 

These forms are identical, morphologically, 
with those of the ditrigonal scalenohedral 
class, page 60. 

^, , , , fo:CDfl:o:OTt1 

Their symbols are : jr — — *— ; 

+ »«R, \hohl\: — mK, \ohTil\.'^ 

Trigonal bipyramids of the second 
order. The hexagonal bipyramids of the 
second order, figure 240, yield two trigonal 
bipyramids of this order. They are identi- 
cal, geometrically, with those of the trigonal ^'S- 239. 
bipyramidal class, page jy.' 

{2a:2a: a:mc \ . 
1 he symbols are : + , 

\2hhhl\. 

TrigODal TrapezohedronB. The dihex- 
agonal bipyramids yield four new forms, 
each bounded by six faces, which in the 
ideal development are equal trapeziums. 
Figure 242 shows the application of the pig. 240. 

trapezohedral tetartohedrism so as to give 

rise to the positive rig-ht trigonal trafezohedrotiy figure 243. Fig- 
ure 241 shows the positive left form. These are enantiomorphous. 

I] ^tnlrB^etokedtalermpolXia^^. 

3) SDmetlmcs the two Creek letlcrs k t are placed before the Miller jndlca. See footnote on 
t-ffeM. 

•) Sometime! deiisnaied ■■ rigkl and Ir/t. 
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The trigonal trapezohedrons may also be conceived as derived 
from the scalenohedron by the subsequent application of hemihe- 
drism. This is shown by figure 245, a negative scalenohedron, which 
now yields the negative rig-kt (figure 246) and negative left (Bgure 
244) trigonal trapezohedrons, respectively. 





Fig. 244. Fig. 245. 

The symbols may be written as follows: 
i) Positive right, 



+ r 



na : pa : a : mc 1 



+ r 



>«Pn 



\hikl\, figtire 343. 
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z) Positive left, 



3) Negative right, 

i na: pa : a: mc ) 



4) Negative left, 
f»fl ■.■pa: a: w»g1 



j^/' A /[, figure 241. 



4 ' 



i h k l\y figure 246. 



J^^ 2 /{, figure 244. 



Forms i and 2, 3 and 4 are among themselves enantimorphous, 
while 1 and 3, 2 and 4 are congruent. 

The polar axes of binary symmetry bisect the zigzag edges. 

Trigonal prisms of the second order. 

F^re 247 shows that the hexagonal prism 
of this order yields two trigonal prisms. 
These are similar to those of the trigonal 
bipyramidal class, page 77, 

f 2o:2a:a :00c l _ 



The symbols are: 

O0P2 -- 

r— ■ \hh2ho\ ; 



00 P2 



,)2.4 



Ditrigonal Prisms. The dihexagonal FigTaiT! 

prism now gives rise to two ditrigonal prisms 

as shown in figures 248, 249 and 2(;o. These are similar, morpho- 
logically, to those of the ditrigonal bipjramidal class, page 59, but 
differ from them in respect to the position of the crystallographic axes. 
A comparison of figures 251 with 172 and 1 74 shows the difference. 




HEXAGONAL SYSTEM. 



The symbols are: 



_ ( na •.■pa -.a :Qoc 1 



+ ^T— , \hiko\y 



figure 250; -— , \kiho\, figure 248.'' 




The other forms, 
the hexagonal prism^ 
of the first order and 
the basal pinacoid, 
remain unchanged, 
figure 252. 

The important 
features of this class 
are given in the fol- 
lowing table: 





SYMBOLS 


Is 


Se 
Ad 

7= 


lid 
gles 




».,„ 


».....n 


Mlller-BnvRui 


r 


lilt 


Rhombohedrons 
First order 


+ f-°°--~l 






6 


E?' 




r«.:^ioi»Kl 


1 + '^ 




2 


3 


Second order 


-[ ' \ 


Trigonal Trapezo- 


lm:f.:^:^,\ 


4 


{tiki) 
(k~k-i,) 


6 


2 

+ 
6 




hedrons 


l---l'[ , J 




Hexagonal Prism 
FTrst order 


a : 00a ; a : 00c 


00^ 


Ual.l 


6 
3 

6 


1SF 


Trigonal Prisms 
Second order 


^|-«,«:»:aoc) 


, 00/'^ 
OO/'v 




- 




Ditrigonal Prisms 


±("^^^^-^1 


(X>Pn 


\hiko\ 
UThaX 




Basal Pinacoid 


OCa;O0a;OCa:c 


OP 


|oa»,l 


2 


'E> 



>) Onendalgiuiiedairv'UBDdilQ^iifoiiii 
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CombinatlODS. Quartz, SiOj, and Cinnabar, HgS, furnish 
excellent examples of minerals crystallizing in this class. 




/<i 


^c^-t.;; 


-5^ 


< 


f^' ."> 


3^' 


. 


i» 


^ 






— /, 


^ 


^^= 


m 



Fig. 253. Fig. 254. Fig. 255. 

Figures 253 and 254. a = oo R ) loToj ; r = 
= — Rloiiij; s (figure 254) = +— -}ii2i(, (figure 253) — 



R jioiii; 
2P2 



6P8 - 6PS 

■ (figure 254) = + r ^ !5i6ii, (figure 253) + / — ^ 



J61S1 



Figure 255. (7 = oRloooif ; m = ooRlioioj; r = -HRj loii j ; 

- - 4P| 

^=— iR|oii2i; n' = — 2RJ022IU andjc =+/ — -)8355-i Cin- 
nabar. 

n. raiaoNAL rhombohedral class.'-) 

{Jfhombohedral Tetarlohedrisfn.) 

Symnietry. This 
class possesses a prin- 
cipal axis of trigonal 
symmetry. A center 
of symmetry is also 
present, figure 256. 

Rhonibohed r o n s 
of the first order. The 
hexagonal bipyr a m i d 

of the first order, figure 257, now yields two 
rhombohedrons which are identical, geometric- 

I) Tbe tri r/mmtohcdrai group ol Dana. 



Fig. 256. 
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ally, with those of the ditrigonal scalenobedral class, page 60, 
figures i;9 and 181. 
The symbols are: 

±[ "-°"'^''-'"^ ];+ffiRjAoA/i; -mR\oAhi\. 

RhombohedroDB of the second order. Figure 259 shows the 
application of rhombohedral tetartohedrism on the hexagonal bipyr- 
amid of the second order. This form now yields the rhombohedrons 
of the second order. 





The symbols are : 
\za. 2a : a : inc\ 



m?2 



m?2 



\hh2hl\ figure 260; 
\2hh~hl\ figure 258. 

Rhombohedrons of the third order. From the dihexagonal 
bipyramid four rhombohedrons of the third order result. Two of 





D,gt,ZBdbyCOO<^Ie 



TRIGONAL RHOMfiOHEDRAL CLASS. 



87 



these are shown in figures 261, 262 and 263. The position of these 
rhombohedrons with respect to the crystallographic axes is shown by 
Bgures 236 and 237, which also indicate the relation existing between . 
the rhombohedrons of the three orders. 

The symbols are: 

Positive right, 

( na -.pa : a : tnc \ mFn 

4 J' '' 4 

•Positive left, 

\na: pa : a : mc] ,»iP« 



+ r 



\hi&l\. figure 263. 



Negative right, 

( aa : fig : a : mc 1 
~''l 4 J' 

Negative left, 

na : pa : a : mc^ 



\ki h l\, figure 261. 



\ihkl\. 



— I 

I. 4 J 4 • 

{khil\. 

Hexagonal prisms of the third order. 

Figure 264 shows that the dihexagonal prism 
now yields two hexagonal prisms of the third 
order. Compare figures 205 and 207. 
The symbols are: 
{na ■.pa:a: OPg] 



,+'^\hiko\: 



odPk 



\kiho\. 



other forms. 

The remaining holo- 
hedrons are unchanged 
by this tetartohedrism, 
see figures 265 a nd 
266. 



Fig. 266. 

D,gt,ZBdbyCOO<^Ie 



HEXAGONAL SYSTEM. 

The principal features may be tabulated as follows; 





SYMBOLS 


1 

6 

"T 

6 

J 


Solid Ancla 




W«ta 


N.™.. 


MII1H- 
Bimvll) 


Trihednl 


Rhombo- 
hedrons 
First order 


<,,:cca:a:mc\ 


— mR 


\hohl} 
\ohhl\ 


App.r«tly 
of dlUiKonil 


-I ' J 


dni clmH 


Rhombo- 

hedrons 
Second order 


f^»:^»:<.:«^l 


,mP2 
mP2 

2 


{hhThlX 


2*) + 6 


-I ' J 




Rhombo- 

hedrons 
Third order 


,lm,:fa:.:,K-> 


4 
mPn 

4 

1 ^ 


\ihkl\ 
{_k hil\ 


6 


2'> + 6 


I'.l'l f J 


Hexagonal 

Prism 
First order 


a : QOfl : a : Qoc 


cap 


\ioio\ 


6 

6 
2 




Hexagonal 

Prism 
Second order 


2a: 2a: a: Qor 


(XiP2 


\ll2o) 


holobidim] 


Hexagonal 

Prisms 
Third order 




2 

(xPn 

2 


\liiko\ 

\kTho\ 


clus 


Basal 

Pinacoid 


oca ; 00« : OCfl ; r 


OP 


\oooi\ 


AppswnUr 
bolohedral 
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Combinations. Dolomite, CaMg( CO,),, anddioptase, H,CuSiO^, 
crystallize in this class. 

Figure267. m = 00P2,) 1120! ; 

4 ' 

i 18. 17. i.Sj, dioptase. 

Figure 268, m = 4R, J4041 ( ; 
. _ . ■,„-7,,. „ - _ VP? 



-2R, J0221 ( ; 



---r- 



ji6.8.8.3S'J; c = OR, joooi | 
omite. 



dol- 




12. TRiaONAL PYRAMIDAL CLASS. 



[Of^dofiedrism, 
Trigonal Tetarlohedrism with Hemimorphts. 



Symmetry. The only element of symmetry is a polar axis of 
trigonal symmetry parallel to the c axis, figure 269. 



Fig. 269. 

Forms. When hemimorphism becomes effective on forms of 
the trigonal bipyramidal class, page 76, it is evident the various 
bipyramids and the basal pinacoid give rise to upper and lower forms. 
The prisms, however, remain unchanged since they belong alike to 
the upper and lower poles. 

The principal features of these forms are given in the following 
table: 
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pomMS 


„-„>. 




Wd« 








Trir>uirrr»nl<U 


C«;0M:-:«1 , 






8 




-[ ' J' 




TriKont Pyrmmidi 




mPi^ 


|,.TS7| 


S 


Sec«idotd«r 


-[ . ]"• 


Tri(OMl Prnmid* 


.,. .,r"«:/-;";"«'l . , 


mPm 
,mPn 


l"J'-! 

|.7»71 




Thiid order 


I'.L'l , J-.' 


8 




f,.X,-a:Xt-, 




1«4 
i.,r.! 




Pint order 


-[ ■ \ 








<X,Pi 


l"»l 
{-•! 






-I ■ 1 


App«reiilly 
of trigonal 


Trlfon.! Prism. 
Third order 


,..,,[.^^._^) 


GCfti 


f«3» 1 


cUu 


B«nl PiiHcoidi 


f GCo ^ oca ; 00" : f 1 


II: 






I ^ J"' 
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)ioii(; e = ■ 



Joooi [ ; / 

periodate, NalO. + 3H,0. 



— u, J022i}; r = — - /. 
4 * 

r -^ u, i2i34[. Sodium 
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Cryst&llopraphic Axes. The tetragonal system includes all 
forms which can be referred to three perpendicular axes, two of which 
are equal and lie in a horizontal plane. 
These are termed the secondary or lateral 
axes and are designated as the a axes. Per- 
pendicular to the plane of the lateral axes is 
the principal or c axis, which may be longer 
or shorter than the a axes. The axes, 
which bisect the angles between the a axes, 
are the intermediale axes. They are 
designated as the b axes in figure 271. 

Crystals of this system are held so that 
the c axis is vertical and one of the a axes 
is directed towards the observer. 

Since the lengths of the a and c axes 
differ, it is necessary to know the ratio existing between these axes, 
that is, the axial ratio, as was the case in the hexagonal system. 
Compare pages 7. and 43. 

Classes of Symmetry. This system embraces seven classes of 
symmetry, as follows: 



^^5^ 



Fig. 271. 



1 . Ditetragonal bipyramida! class 

2. Ditetragonal pyramidal class 

3. Tetragonal scalenohedral class 1 

4. Tetragonal bipyramidal class \ 

5. Tetragonal trapezohedral class J 

6. Tetragonal pyramidal class 

y. Tetragonal bisphenoidal class 



{Holohedrism.) 
^ Holohedrism and\ 
\ hevtimorphism . J 

{Hem ih edrisin) , 

f Hemihedrism owrfl 

\hemijnorphism. J 

( Tetartohedrisni). 
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Classes i , 3 and 4 are the most important, 
of class 7 has yet been observed. 



No representative 



DiTETRAaOSAL BIPVRAMIDAL CLASS.^) 

( HohhedrUm. ) 

Symmetry, a) Planes. In this class 
there are five planes of symmetry. The 
plane parallel to the plane of the secondary 
and intermediate axes is termed the 
principal plane. The vertical planes includ- 
ing the c and one of the a axes are called 
the secondary planes, while those which 
include one of the b axes are termed the 
intermediate planes, figure 272. 

The principal and secondary planes 
divide space into eight equal parts, termed 
octants. The five planes, figure 272, 
divide it into sixteen equal sections. The 
five planes may be designated as follows; 

I Principal + 2 Secondary + 2 Intei^ 
mediate = 5 Planes. 

b) Axes. Parallel to the c axis, there 
is an axis of tetrag-onal symmetry. The 
axes parallel to the secondary and inter- 
mediate axes possess binary symmetry, 
figure 273. These may be written: i| 
-l-2«+2« = 5 axes. 

c) Center. A center of symmetry is 
also present in this class. These elements 
of symmetry are shown in figure 274, which 
represents the projection of the most complex 
form upon the principal plane of symmetry. ^''^' '''*' 

Tetr^onal bipyramid of the first order. This form is anal- 
ogous to the octahedron of the cubic system, page 19. But since 

■) Tbe normal group of Daiu. 
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Fig 275. 



the c axis diSers from the secondary axes, the 
ratio must be written {a: a: c), which would 
indicate the cutting of all three axes at unit 
distances/' figure 275. But since the inter- 
cept along the c axis may be longer or shorter 
than the unit length, the genera! ratio would 
read (a: a: mc), where m is some value 
between zero and infinity. Like the octahe- 
dron, this form, the tetragonal bipyramid,'^ 
is bounded by eight faces which enclose space. 
The faces are equal isosceles triangles when 
the development is ideal. 

The Naumann and Miller symbols are: 

P, Jiiii; or mV, \hhl\. 

The principal crystallographic axis passes through the two tetra- 
hedral angles of the same size, the secondary axes through the other 
four equal tetrahedral angles, while the iutermediate axes bisect the 
horizontal edges. 

Tetragonal blpyramid of the second 

order. The faces of this form cut the c 

and one of the a axes, but extend parallel 

to the other. The parametral ratio is, 

therefore, a : coa : mc. This requires 

eight faces to enclose space and the form , 

is the blpyramid of the second order, 

figure 276, The symbols according to 

Naumann and Miller are: mPoo, \ohl\. 

In form this bipyramid does not 

differ from the preceding, but they can 

be readily distinguished on account of 

their position in respect to the secondary axes. In this form, the 

secondary axes bisect the horizontal edges and the intermediate 

axes pass through the four equal tetrahedral angles. This is the 




Fig. 276. 



<) Indlcatint; ■ tmil foim, eompsre pi 

>) The more Ihe ntio : c ipprnache 

Tbli tendeacy oi fotnu (o ilmulalc Ibnu of ■ I 



>ore doea th<9 form ■fmnlite \ 
olsymmeto' UapoktnoluA 
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opposite of what was noted with the bipyramid of the first order, 
compare figures 275 and 276. Hence, the bipyramid of the first 
order is always held so that an edge is directed toward the observer, 
whereas the bipyramid of the second order presents a face. In both 
bipyramids the principal axis passes through the two equal tetra- 
hedral angles. 

Dit«tra«;onal bipyramid. The faces of 
this bipyramid cut the two secondary axes at 
different distances, whereas the intercept along 
the c axis may be unity or mc. Sixteen such 
faces are possible and, hence, the term ditet- 
ragvnal bipyramid is used, figure 277.'' 

The symbols are: 

{a : na : mc), mVn, \hkl\. 

Since the polar edges*' are alternately 
dissimilar it follows that the faces are equal, 
similar scalene triangles. The ditetragonal 
bipyramid possessing equal polar edges is crystallographically an 
impossible form, for -then the ratio a : na : mc would necessitate a 
value for n equal to the tangent of 67° 30', namely, the irrational 
value 2.4142 + .** 

From the above it follows that when n is less than 2.4142+ the 
ditetragonal bipyramid simulates the tetragonal bipyramid of the first 
order, and finally when it equals i, it passes 
over into that form. On the other hand, if n 
is greater than 2.4142+ it approaches more 
the bipyramid of the second order, and when 
it is equal to infinity passes over into that 
form. Hence, « > i < 00. Figure 278 illus- 
trates this clearly. It is also to be noted, 
that when n is less than 2.4142+ the second- 
ary axes pass through the more acute angles, p. 270 ^ 
whereas, when n is greater than 2.4142+ 

they join the more obtuse. In figure 278, outHne i represents the 
cross-section of the tetragonal bipyramid of the first order, 2 that 

» ) CoBpire Ggnn M, PM« 10- 
>) Compare footnote, past IS. 
>) Sm mimo psEC M; 
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of the second order, and 3, 4 and 5 ditetragonal bipyrafnids where n 
equals f, 3, and 6, respectively. 

Tetragonal prism of the first order. 

If the value of the intercept along the c 
axis in the tetragonal bipyramid of this 
order becomes infinity, the number of the 
faces of the bipyramid is reduced to four 
giving rise to the tctrag^onal prism 0/ 
the first order, figure 279. This is an 
open form and possesses the following 
symbols; 

(a : a : <Xic), odP, jiioj. 
The secondary axes join opposite 
edges, hence, an edge is directed toward 
the observer. 



Tetragonal prism of the second 
order. The same relationship exists 
between this form and its corresponding 
bipyramid as was noted on the preceding 
form. 

The symbols are : 

(a : 00a : Goc). OOPOO, ) 100}. 

This is also an open form consist- 
ing of four faces, figure 280. The sec- 
ondary axes join the centers of oppo- 
site faces. Hence, a face is directed 
toward the observer. 

Ditetragonal prlgm. As is obvious, 
this form consists of eight faces possess- 
ing the following symbols: 

a : na : OOc, 00 P«, \hko\. 

What was said on page 94 concern- 
ing the polar angles and the position of 
the secondary axes applies here also. 
Figure 281 represents a ditetragonal 
prism. 
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Basal Pinacoid. This form is similar to that of the hexagonal 
system, page 51. It is parallel to the secondaiy axes but cuts the 
faxis. The symbols may be written: 

(00a:00fl:c), OP, jooi}. 

This form consists of bat two faces. They are shown in combi- 
nation with the three prisms in figures 279, 280, and 281. 

These are the seven simple forms possible in the tetragonal 
system. The following table shows the chief characteristics of each. 





SYMBOLS 




I 


Solid Anglo 


FORMS 










Wdu 


NauouBB 


Miller 


1 


Unit Bipyramid 
First order 


a:a:c- 


P 


{///! 


8 


2 + 4 


- 


Modified Bipyramids 
First order 


a: a-.mc 


mP 


\hhl\ 


8 


» + 4 
2 + 4 


- 


Bipyramids 

Second order 


a : 000 ; mc 


mP(x> 


\hol\ 


8 


- 


Ditetrs^onal 

Bipyramids 


a-.na-.mc 


mPn 


\hkl\ 


16 


4 + 4 


2 


Prism 

First order 


a : a :00c 


OOP 


\iio\ 


4 


- 


- 


Prism 

Second order 


a :00a :00c 


ccPcc 


{ioo\ 


4 


- 


- 


Ditetragonal Prisms 


a:na: <x>c 


aaPn 


\hko\ 


8 


- 


- 


Basal Pinacoid 


000 ;Ooa : c 


OP 


\ooi\ 


2 


- 


- 
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Relationship of forms. This is clearly expressed by the follow- 
ing diagram. Compare pages 23 and 52. 



000 : ODo -.c 




Combinations. Some of the t 
illustrated by the following figures: 



: common combinations are 




Fig. 282. 



Fig. 284. 



Fig. 285. 



Figures 282 to 286. tn =ooPjiioU p = Plmf, a = 
ooPoohoo}, u = 3Pl33if. -v = 2P)22if. and x = 3P3l3lO- 
These combinations are to be observed on zircon, ZrSiO^. 



Fig. 286. Fig. ! 
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Figare 287. m< = <xPjuo{, a = OoPootioo}, e = 
Pcoiioif, and 5 = P}iiif. Cassiterite, Sn,0.. 

Figures 288 and 2S9. / = Pjiiif, c = OPjool}, 2 = 
lP}ii3}, v = |P|ii7}, OT=ooPjiio!, a ^ooPoojiooj, and 
c = P 00 J 101 f. These combinations occur on Anatase, TiO,, 



2. DITBTKAOONAL PYRAMIDAL CLASS.^) 

{Holokedriim with Hemimotphism.) 

Symmetry. Since hemimorphism is effective oji forms of this 
class, the principal plane and the four axes of binary symmetry dis- 
appear. The remaining elements are, therefore, two secondary and 
two intermediate planes and a polar axis of tetragonal symmetry, 
figure 290. 




Forms. The forms of this class are analogous to those of the 
dibexagonal pyramidal class, page 53, and the ditetragonal bipyr- 
amids and tetragonal bipyramids of the first and second orders as well 
as the basal pinacoid are now to be considered as divided into upper 
and lower forms. For example, the ditetragonal bipyramid now 
yields an upper and a lotver ditetragonal pyramid, each consisting 
of eight faces. The three prisms, however, remain unaltered;; ^h«y 
are apparently holohedral. 



1) Tbt htmimtrphic group lA Dan^ 
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The principal features are summarized in the following table: 





SYMBOLS 


'■ 


Solid AnglM 




H 


1 




WelM 


Nanmun 


MlUct 


1 


Upper 
and Lower 


[a:a:,ncY 


mP 

mP 




4 


I 




Pyramids 
First order 


[ ' \l 




Upper 

and Lower 


{a :0oa : mc'\ u 


mPcn 

2 « 

mPco ^ 

2 


\hol\ 
\hol\ 


4 


1 




Pyramids 
Second order 


X ' \> 




Upper 
and Lower 


(a: na : mc]i( 


mPn 

M 

2 

2 


\hhl\ 
\hk'l\ 


8 


- 


I 


Ditetragonal 
Pyramids 


1 - J' 




Tetragonal 

Prism 
First order 


a:a:<Xc 


<X,P 


\„o\ 


4 

4 
8 




Tetragonal 

Prism 
Second order 


a : cca :00c 


OS Poo 


\ioo\ 


Appar- 
ently 
holohedral 


DitetrE^onal 
Prisms 


a : na -.ccc 


a>P>i 


\liko\ 




' and Lower 
Basal Pinacoid 


{cca : cca : c] u 


OP 


\">o\ 
\ooi\ 


■ 


~ 


- 
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ComMBatlODS. Figure 29 



I113I; »= 

Silver Buoride, AgF.H.O. 



In.) 



Figure 292. a 
OP 



ooPgd jiooj; o = - 
P 



Observed on penta-erythrite. CjH„0^. 

TETRAOOSAL HBMIHBDltlSMS. 

In this system three types of hemihedrisms 




Fig. 292. 



are possible, iigures 293, 294 and 395. 

a) Sphenoidal hemlhedrlsm. The principal and two second- 
ary planes divide space into octants. All faces in alternate octants 
are suppressed, the others expanded, figure 293. 





Fig. 293. 



Fig. 294. 



Fig. 29S. 



b) Pyramidal Hemihedrism. The two secondary and the 
two intermediate planes of symmetry divide space into eight equal 
sections, figure 272. All faces lying wholly within alternate sections 
are extended, the others suppressed, figure 294. 

c) Trapezotiedral hemitiedrism. By means of the five planes 
of symmetry sixteen equal sections result. In this type of hemihe- 
drism all faces lying wholly within such sections are alternately ex- 
tended and suppressed, figure 295. 

The pyramidal and sphenoidal types of hemihedrism are the most 
important. 
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J. TBTRAQONAL SCALBNOHBDRAL CLASS.^ 

{Sphenoidal HgmUudrism.) 

Symmetry. In this class the elements 
of symmetiy consist of two intennediate 
planes of symmetry, two axes of binary 
symmetry parallel to the secondary crystal- 
lographic axes, and one binary axis parallel 
to the principal or c axis, figure 296. The 
sphenoidal hemihedrism is analogous to the 
tetrahedral and rhombohedral hemihedrisms 
of the cubic and hexagonal systems, respect- 
ively; see pages 26 and 60. 

Tetragonal bisphesoids. Figure 298 shows the application of 
the sphenoidal hemihedrism to the bipyramid of the first order. It 
is obvious from this figure that the bipyramid of the first order now 
yields two new correlated forms, each bounded by four faces. When 
the development is ideal, these faces are equal isosceles triangles. On 
account of the resulting forms resembling a wedge, they are termed the 
positive &nA negative ietrag'onal bisphenoids of the first order. 




The symbols are: 

\a : a : 



— , K\hhl\ figure 297. 

1) ^kentndal grot^ ol Dana. 
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The secondary ciystallographic axes bisect the four edges of 
equal length, while the principal axis passes through the centers of 
the other two. 

Tetragonal sealeDohedroBS. It is readily to be seen from figure 
30i,ihattfae ditetragonal bipyramid also yields two new correlated 
forms. These consist of eight similar scalene triangles, and are 
termed the positive and negative tetragonal scalenohedrons. 




The symbols a 



K\hkl\ figure 302; 



— ^^^^— , K \kkl\ figure 300. 

The principal axis joins the tetrahedral angles, which possess 
two pairs of equal edges. The secondary axes bisect the four zigzag 
edges. 

The sphenoids and scalenohedrons are congruent and, hence, 
the positive and negative may be made to coincide by means of a. 
revolution through 90° about the principal axis. 

The other tetragonal forms are apparently holohedral as a study 
of figures 296. 298, and 301 will show. 

The characteristics of the forms of the tetragonal scalenohedral 
class may be tabulated as follows; 
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SYMBOLS 




Solid Ancm 




e 

1 
s 






W*l» 


Nauuu 


u^ 


H 


Bisphenoids 
First order 


±["-^1 


_mP 

2 




4 


4 


- 


Bipyramid 
Second order 


a : oca : mc 


mP(x> 


.jAo/l 


Apparently 
holohedral 


Tetragonal 


\a : na : mc] 


. mP>i 
mPn 

2 




8 


- 




Scalenohedrons 


-[ ^ J 




Prism 

First order 


a : a : CCC 


<X>P 


.ifio] 




Prism 

Second order 


a : ooa -.CCc 


CCPQO 


-l/ool 


Apparently 
holohedral 


Ditetragonal 

Prisms 


a : na : CCC 


CcPn 


,lAko\ 


Basal PinacoJd 


cca :0C« : c 


OP 


k{00i} 









ComblDations. Figure 303, m = 00 P, {iioj; o ■■ 
iilli;and(7= OP, jooi}. Urea. CH.N.O. 



Fig. 303. 





TETRAGONAL BIPYRAMIDAL CLASS. 

Figures 304 to 307. f = 

+ |,)iiihr=-|. iiTij; 

e= Poc, {ioi|; z = 2PGC, 
J2oi}; c = OP, jooiji w» = 

OOP, jiioS;/ =-^, 1227!; 

2 ' ' rig. auo. rig. aui. 

u = P2, Uiai- These com- 

binatioDS occur on chalcopyrite, CuFeS,. 

4. TETRAQONAL BIPYRAMIDAL CLASS.^) 

( f^amidal Hemikedrisfit. ) 

Symmetry. The elements of this class are one principal plane, 
a center, and an axis of tetragonal symmetiy, as shown in figure 312. 

Tetragonal bipyramids of the third order. From figure 309 it 
is obvious that by means of the pyramidal hemihedrism, the dihex- 
agonal bipyramid yields two new forms, each bounded by eight equal 
isosceles triangles, figures 308 and 310, termed the tetragonal bipyr- 
amids of the third order. 

The symbols are : 

, \ a-.na:mc \ \mVn-\ 

±[ 2 j' +l~Y'\'''^^^^^'^^^^^^°'' 

-[^]''S^*^S> figure 308. 

In form these bipyramids do not differ from those of the first and 
second orders. Figures 311 and 313 show the positions occupied by 
the bipyramids of the three orders and it is obvious that the position 
of the forms of the t/iird order is intermediate between that of the 
other two. 

TetrssoDal prisms of the third order. In an analogous manner 
the ditetragonal prism, figure 3 1 5, yields two correlated prisms of the 
third order, each consisting of four faces. The position of these 
prisms in respect lo the crystailographic axes is illustrated by figures 
311 and 313. 

I) Dant't fiyramiaa/greuf. 
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Fig. 314. Fig. 315. Fig. 316. 

The symbols are: 

±1 2 1= +[^^— J. ^lAAof. figure 316. 

~L ^2 " J' '\^'^^^> *^Sure 314- 
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Being open forms, they are shown in combination with the basal 
pinacoid. 

Other fomiB. The other holohedrons, bipyramids and prisms of 
the first and second orders as also the basal pinacoid, remain unal- 
tered by this type of hemihedrism because their faces do not lie 
wholly within the sections formed by the secondary and intermediate 
planes of symmetry, compare figures 309, 312, and 315. They are, 
hence, only apparently holohedral. 

The chief features of the forms of the tetragonal bipyramidal 
class are given in the following table: 





SVMBOLS 


Z 


solid Anslei 




WeiM 


NaoBuim 


Miller 




Bipyramids 
First order 


a : a :mc 


mP 


^mn 


Apparently 


Bipyramids 
Second order 


a : COa : mc 


7nPco 


^l/,ol\ 


holohedral 


Bipyramids 
Third order 


fa -.na : mc'\ 






8 

J 


2 + 4 


Priam 
First order 


a: a : Ccc 


aaP 


t\iio\ 


Apparently 


Prism 
Second order 


a : 00a : ooc 


00/*QO 


ir\lOo\ 


holohedral 


Prisms 
Third order 


, (a : na : ooc] 


+[^1 
-[^] 


Ahko\ 


■4 


- 


Basal Pinacoid 


coa : GCfl : c 


OP 


,\ooi\ 


Apparently 
holohedral 



.ibiCoogle 
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CombinfttloD. Figure 317. e = Poo, irj 101 1 ; 

p = -»,w\i-Li\-h= +[x]' -i3i3!; s = — 

I — - I. »i 131 1 . This combination has been 
observed on the mineral scheelite, CaWO^. 



S. TBTRAQONAL TRAPBZOMBDRAL CLASS.^) 

( Trapezohedral hemihedrum.) 

Symmetry. This class possesses a 
principal axis of tetragonal symmetiy and 
four axes of binary symmetry. Figure 3 1 8 
shows these elements as well as the applica- 
tion of the trapezohedral hemihedrism. 

Tetragonal trapezohedrons. The only 
holohedron which can be affected by trap- 
ezohedral hemihedrism, page 101, is the 
ditetragonal bipyramid, figure 320. This 
bipyramid yields two new correlated forms, bounded by eight faces, 
which are similar trapeziums, figures 321 and 319. Being enantio- 
viorfhous, they are termed the rig-ht and left tetrag'onal trwpezo- 
hedrons. 






1) Dana talis tbij Ihc Irttprtohedtal grovf. 
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The symbols a 

L 
mVn 



J 



— T\hkl\, figure 321; 



■\hki\, figure 319. 

All other forms are apparently holohedral because their faces do 
not lie wholly within each of the sixteen sections resulting from the 
intersection of the five planes of symmetry. 

The chief features of the forms of this class are given below: 





SYMBOLS 


I 


Mid Anaie, 




l^ 


5 




w.,.. 


Nmumann 


Miller 


^ 


Bipyramids 
First order 


a:a:vtc 


mP 


rlAA/( 


Appare 


ntly 


Bipyramids 
Second order 


a : cca : mc 


mPao 


rl*o/) 


holohedral 

1 1 


Tetragonal 

Trapezohe- 
drons 


^^ j^a:na:mc^ 


mPu 
\ mPn 




8 


8 


2 


Prism 

First order 


a-.a-.coc 


QCP 


,|II0| 








Prism 
Second order 


a : 00a : Oct: 


ccPcc 


r|lOOf 


A 


ppare 


ntly 
edial 


Ditetragonal 

Prism 


a :na: occ 


ccPn 


r\/,koi 






Basal Pinacoid 


cca -.cca :c 


OP 


t\oOi\ 





Thus far, the tetragonal trapezohedron has not been observed 
on either minerals or artificial salts. There are, however, a number 
of compounds like sulphate of strychnine, (C„H„N,0J,H,S0^+6H,0, 
and sulphate of nickel, NiS0^+6H,0, which have been referred to 
this class of symmetry by means of etch figures. 
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6. TBTRAOONAL PYRAMIDAL CLASS.^) 

{f^ramidal Hetnihedriim with HemimorpMisnt.) 

Symmetry. If the forms of the tetra- 
gonal bipyramidal class, page 1 50, become 
hemimorphic, the principal plane and center 
of symmetry disappear. Hence, the only ele- 
ment of symmetry of this class is a polar axis 
of tetragonal symmetry which is parallel to 
the c dxis, tigure 322. 

Forms. The bipyramids of the tetragonal 
bipyramidal class now yield upper and lower pyramids. The basal 
pinacoid is also divided into two forms. The prisms remain unaltered. 

Since the ditetragonal bipyramid is now divided into four pyr- 
amids, this class is sometimes considered a tetartohedral class. 

The chief features of the forms are given in the following table: 



Fig. 322. 





.VM.OU 


FACES 




.«, 


....... 


„m. 


Pymmid. 


[•■—']•- 




--f' 




' 


Pj-ramidii 

Second order 


[^^^•]? 








' 


Fymmid. 

Tbiid order 


,[,^.j. 








' 


Prt.m 

Ftrsi order 


fl : : Xe 






Prism 


fl:QC«:Oee 




Apparently ol telniEOD.] bipynmidsl cUii 


Third order 


i('-^'] 




Blul Flnacoids 


(^^-F-)t j 


2Li ' 


!••'! 
\--l 


\- 



Tbt p^amidal-hlmimorpllic grimp of Dana. 
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Combination. The mineral wulfenite, 
PbMoOj, crystallizes in this class, figure 323. 
P P - 

o = - u, Jiiii; o- = - /, U"i; > = 

7. TBTMOONAL BISPHBNOIDAL CLASS.^) 

I Tetariohedrism. ) 

Symmetry. The only element of sym- 
metry remaining in this class is 'an axis of 
binary symmetry parallel to the c axis, figure 
324- 

Tetartohedrism. The forms of this class 
may be conceived as derived from the holo- 
hedrons by the simultaneous occurrence of 
eith«F- th»- 9^s&s^- aftdTrapezohednU, -. or- 
the sphenoidal and pyramidal hemihedrisms ; 
compare figures 293, 294, and 295. The 
simultaneous occurrence, however, of the 
pyramidal and trapezobedral hemihedrisms 
give rise to the forms as described in the pre- 
ceding class. 

Blsphenoids of the first order. Figure 
325 shows that the bipyramidof the first order 
now yields two bisphenoids of the same order. 
Compare figure 298. 

The symbols are: 




;+^i*/S/|; 



fy'^'l 



Bisphenoids 'of the second order. The bipyramid of the second 
order, figure 327, gives rise to the positive and negative bisphenoids 



u tbli tha telarlnludtal ettuf. 
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of the second order. These bisphenoids bear the same relation to 
those of the first order as do the corresponding bipyramids. 




The symbols are: 

± I 2 J ; + —^ \hol\, figure 328; — 

\ohl\, figure 326. 
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Bisphenoids of the third order. In a like manner, as is obvious, 
the ditetragonal bipyramid, figure 330, yields four bisphenoids of 
the third order. Figure 333 shows that these forms may also result 
when hemihedrism is applied to the tetragonal scalenohedron. 

The symbols are: 

_ . . . , , [a : na : mc 
Positive right, + t 

I 4 J t 

I , 4-^——, jAA/S, figure 329. 

(a : na : ?nc] mP?i , , 7 ,, . 
Negative right, — r , — r , \khi\, figure 334. 

(a : na : mc] ,?nVn , ,-r ,, 
Negative left, — / , — / , )«A/{, figure 332. 

The same relationship exists between the bisphenoids of the 
three orders which was noted with the corresponding prisms, page 
105. 

In bisphenoids of the first 
order the secondary axes bisect 
the zigzag edges. They join 
the centers of opposite faces 
in forms of the second order, 
while in those of the third order 
they occupy an intermediate 
position. 



Fig. 335. 

nisms of the third order. Figure 335 shows that the ditetra- 
gonal prism now yields two prisms of the third order, compare 
figures 314 and 316. 

The symbols are: 

. ±[ ^ J;+-^U/feo!; ~{hko\. 

The other forms, prisms of the first and second orders and the 
basal pinacoid, remain unchanged. 
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The principal features may be tabulated as follows: 





SYMBOLS 


1 


Tiihedril 




WclH 


Niuiuan 


„„,., 


Angl« 


Bisphenoids 
First order 


[a:a:mc'\ 


"j mP 


\hii\' 


1 

V 

J 


4 


Bisphenoids 
Second order 


(a-.coaimc} 


f^mPc. 

2 

mP<x. 

2 


\hol\\ 
\ohl\ 


1 

1 
J 


4 


Bisphenoids 


r{a:na: mc^ 


mPn 

^ mPn 
4 


\khi\ 
\khl\ 
\hkl\ 
\hkl\ 


1 

■4 




Third order 


^l[ 4 i 




Prism 

First order 


a : a :Ooc 


Appa 


reotly h 


?loh 




Prism 

Second order 


« :ooa lOcc 




Prisms 


[a:na:0oc] 


f J«/*00 

mP(r> 

2 


\hko\ 
\hko\ 


■4 




Third order 


A ' J 




Pasal Pinacoid 


ooo : Qoo -.c 


Apparently holohedral 



No representatives of this class of symmetry have yet been 
observed. 
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Cry8taU<^aphle Axes. This system includes all forms which 
can be referred to three unequal and perpendicular axes, tigare 336. 
One axis is held vertically, which is, as 
heretofore, the i axis. Another is directed ^^ 

toward the observer and is the S axis, some- 
times also called the brachydiag'onaL 

The third axis extends from right to left "O ; 

and is the 5 axis or macrodiagonal. 

There is no principal axis in this system, 

hence any axis may be chosen as the vertical Fig. 336. 

or c axis. On this account one and the 

same crystal may be held in different positions by various 

observers, which has in some instances led to considerable 

confusion, for, as is obvious, the nomenclature of the various 

forms cannot then remain constant. In this system the axial 

ratio consists of two unknown values, viz: a:'B : 6 = .8130 : 1 : 

1.9037, compare page 7. 

Classes of Symmetry. The orthorhombic system comprises 
three classes of symmetry, as follows: 

I. Orthorhombic bipyramidal class {Holohedris-m.) 

Holohedrism, and \ 
heimmorphism. J 

3. Orthorhombic bisphenoidal class {Hemikedrism^ 

Numerous representatives of all these classes have been observed 
among minerals and artificial salts. The first class is, however, the 
most important. 

f. ORTHORHOMBIC BtPYRAMIDAL CLASS.') 

( Holohedrism. ) 

Symmetry, a) Planes. There are three planes of symmetry. 
These are perpendicular to each other and their intersection gives rise 



Orthorhombic pyramidal class 



.y Google 



OKTHORHOHBtC SVSTEU. 



Fig. S37. 



to the crystallographic axes, figure 337. 
Inasmuch as these planes are all dissimilar, 
they may be written: 

1 + 1 + 1 = 3 planes. 

b) Axes. Three axes of binary sym- 
metry are to be observed, figure 337. They 
are parallel to the crystallographic axes and 
indicated thus: 

!• +!•+!•= 3 axes. 

c) Center. This element of sym- 
metry is also present and demands parallel- 
ism of faces. Figure 338 shows the above 
elements of symmetry. 

Orthorhonibic bipyrsmlds. The form 
whose faces possess the parametral ratio, 5 : 5 : ^, is known as the 
unit or fimdamental orthorhombic bipyramid. It consists of 
eight similar scalene triangles, figure 339. The symbols according 
to Naumann and Miller are as follows: 
P. liiij. 





Fig. 339. 



Fig. 340. 



Fig. S41. 



The outer form, in figure 340, possesses the ratio S .1) : md 
(m> o < go). In this case m^ 2. This is a modified orthorhom- 
bic bipyramid. Its symbols are: 

otP, \hhl). 

In figure 341, the heavy, inner form is the unit bipyramid. The 
lighter bipyramids intercept the 5 and d axes at unit distances but the 
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U axis at distances greater than unity. Their ratios may, however, 
be indicated in general as, 

na : b -, mc, {« > i ; wz > o < oo). 

These are the brachybipyramids, because the intercepts along the 
brachydiag-onal are greater than unity. The Naumann and Miller 
symbols are: niPH, \hkl\. 




Figure 342 shows two bipyramids (outer) which cut the a axis at 
unity but intercept the h axis at the general distance 71b, (« > 1). 
The ratios would, therefore, be expressed by a : nb : mc. Since the 
intercepts along the macrodiagonal are greater than unity, these are 
called macrobipyramids. The symbols according to Naumann and 
Miller are mPw. \khl\. 

Figure 343 shows the 
relationship existing be- 
tween the unit, macro-, and 
brachy bipyramids, while 
figure 344 shows it for the 
unit, modified, and macro- 
hipyramids. 

Prisms. Similarly 
there are three types of 
prisms, namely, the unity 

macro-, and brachyprism-s. Fig. 314. 

Each consists of four faces, 
cutting the S, and 5 axes, but extending parallel to the i axis 




D,gt,ZBdbyCOO<^Ie 



ORTHORHOHBIC SYSTEM. 




Fig. 346. 



, I 



Fig. 847. 



Figure 345 repre- 
sents a unit-prism with 
the following symbols; 
S-.l: (x>d, OOP, {i io\. 

The brachyprism is 
shown in figure 346. Its 
symbols are: 

nd : 5 : <x>d, ooPff, 

In figure 347, there 
is a unit prism surrounded 
by a macroprism, whose symbols 
may be written: 

S.: nh:<X)i, ooP«, \kho\. 
For the relationship existing 
between these three prisms compare 
figure 343. 

Domes. These are horizontal 
prisms and, hence, cut the d and 
one of the horizontal axes. Domes, 



■-■lit ui iiic uuiiaumai axes. Jjomes, 
which are parallel to the S axis or brachydiagonal, are called brachy- 
domes. Their general symbols are: 

ood : 5 : md, mPob, joA/j, figure 348. 

Those, which 
extend parallel to 
the macrodiag- 
onal, are termed 
macrodomes, 
figure 349. Their 
symbols are; 

SiCcBimi, wPoo, 
lAoll. 

As is obvious, 
prisms and domes 




-V--i-^^--~-Jz: 



Fig. 348. 



Fig. 349. 
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are open forms and, hence, can only occur in combination with other 
forms. 



Pin&colds. These cut one axis and 
extend parallel to the other two. There 
are three types, as follows: 

Basal finacoids, 003; Oo5 : d, OP, 

{ooi(. 

Brachypinacoids, qo^ : 5 : <x^, COPdo, 

ioiof. 

Macropinacoids, S : OoB : OoA OoPoo, 

liooj. 

These forms consist of two faces. 
Figure 350 shows a combination of three 
types of the pinacoids. 

The characteristics of the forms of this class are given in the 
following table: 




Fig. 350, 







SYMBOLS 


S 


T««htdnl 




Welu 


Niudumi 


Millet 


AdcIm 




Unit 


a:5:d 


p 


\III\ 


8 




Orthorhombic 


Modified 


U-.l .md 


mP 


\kkl\ 


2 + 2 + 2 


Bipyramids 


Brachy 


nS:h:md 


mPn 


\hkl\ 




Macro 


U-.nl-.mi: 


mPh 


\khl\ 






Unit 


a-.h-.tXid 


00 /> 


\-ira\ 


4 
4 




Prisms 


Brachy 


nii:d:<x>d 


ccPn 


\hko[ 






Macro 


S:nl:CCd 


cxiPTi 


\kho\ 




Domes 


Brachy 


ccS : S : mi 


mPoo 


{okl\ 




Macro 


S: Oo5 : md 


mP^ 


\hol\ 






Basal 


(X)S: ccB :4 


OP 


{001} 


'2 




Pinacoids 


Brachy 


iXS: h : CCd 


G0/*0b 


\oio\ 






Macro 


U: 1X5 : GOt^ 


(X>P^ 


\ioo\ 
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Belationshlp of forms. This is to be seen from the following 
diagram: 



mPoo »iP mPx 




Combinations. Figure 351. p='XP, j iioj ; e = P2, j i22|. 
Brookite, TiO,. 



Figure 352. c= OP, iooi! 
Cbalcocite, Cu,S. 



--iP, I113!; c = iPd6. io23|. 



Figure 353. P = P, Jiiif; 5 = JP, jiui; c = OP. jooij. 
Salphur, S- 

Figure 354. «i=ooP, Jiiol; ft = ccPcb. }oio}; A = Poo, 
{oili. Aragonite, CaCO,. 

Figure 355. a =ooP(X, S looj ; 5 = GcP2, U20J; b =00 Poo, 
{oio|;_ o = P, jiiit ; « = 2P2, jaiij; ^ = Pdc, joii}. Chryso- 
beryl, Be(AIOJ,. 
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Fig. 365. 



Fig. 368. 



Fig. 357. 



Figure 356. 7w=coP, jiiot ; / = 00P2, 
)l2oj; « = 2Pdo, {021}; o = P, {ill}. Topaz, 
Al,{F.OH},SiO^. 

Figures 357 to 359. m = OoP, jiiof; 
u = odP|. J3202i a= ooPoo, jiooi; s = P, 
{in}; !,= |P|, J324f; c = OP, looi}; = 
ooPob, Joiij; rf = ^Poo. il03i; x = P^ 
1414); ^ = P2|i22(. Celestite, SrSO^. 




2. ORTHORHOMBtC PYRAMIDAL CLASS.') 

{Holokedrism with Hemimorphism.') 

Symmetry. As figure 360 shows, the elements of symmetry of 
this class are the vertical planes of symmetry and one axis of binary 



\ 



^ 



Fig. 360. 

symmetry parallel to the t axis. This axis of symmetry is obviously 
polar. 

All forms with the exception of the prisms, the macro- and 
brachyptnacoids are now divided into upper and lower forms, a3 
shown in the following tabulation: 

1 ) The kemimetfllic greuf ol Dana. 
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.. 


SVMBOLS 






,0.™ 


Vltia 


N.0OUUI 


MIllH 




iSii 




Unit 








4 




Ortho- 
rhombic 
Pyramids 


Modified 


\S: 5 ■.mi'\u 


mP 

T" 


\hhl\ 




Brachy 


[nil : 5 : mi\ u 


mPfl 

2 " 

mPfl 


{hki) 






Macro 


[a\ nl: mi^ u 


mPn 

2 « 

mPTt 


\khi\ 
\khi\ 




Ortho- 


Unit 


a-.t-.aid 


ccp 


\uo\ 


Appar- 


rhombic 


Brachy 


iia-.l : iXid 


00 Pn 


\kko\ 




Prisms 


Macro 


a-.nh: 00^ 


<X>Pn 


\kho\ 


hedral 


Domes 


Brachy 


[ oo^f : 5 : mi^ u 




\oht\ 

\ohi\ 


2 




Macro 


<S:aof:miUi 


ImPoo 


\hol\ 
\hol\ 




Pinacoids 


Basal 




\ OP 


\ooi\ 
\ooi\ 


I 


-• 




Brachy 

Macro 


(XiU: 5 : cci 


QoPoo- 


j<J/<pl 


Apparently 




S :0d5 -.ccd 


QC/'QC 


\ioo\ 


holohedral 
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OOP, 



Combinations. Figure 361. a = 00 Poo, { ioo{ ; g^ 
\\\o\\ b = 00 Poo, {oio|; o = — - «, iioij; p = ^^ "• t30if ; 
m = "^"t {oSi\; r = — t-«, joi i i ; c= OPu, {001 1 ; s = 2p2i, 
)i2i{. Calamine, also called hemimorphite, Zn,(OH),SiO,. 




Figure 362. rf = — - u, J lOl i ; r = — «, (oi i j ; m = 
^«. Jo4ii;^ = ooP<». )oio!; d-=^~^i. \io3\: c =^i. 
\ooi\. Struvite, NH.MgPO^+6H,0. 



S. ORTHORHOMBIC BISPHENOIDAL CLASS.^) 

(^henoidal Hemihedrism.) 

Symmetry. As can be seen from figure 363, this class possesses 
three axes of binary symmetry. The other elements have disappeared. 
The method of extension and suppression of faces is comparable to 
the tetrahedral and sphenoidal hemihedrisms of the cubic and tetra- 
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gonal systems, respectively, in that faces lying wholly within alternate 
octants are extended. 



Fig. 36 



Orthorhombic bisphenoids. Figure 365 shows the application 
of the sphenoidal hemihedrism to an orthorhombic bipyramid, which 
yields two new correlated, enantiomorphous forms, called the rig-ht, 
ligure 366, and left, figure 364, orthorhombic bisphenoids. These 
forms are bounded by four scalene triangles. The crystallographic 
axes bisect the edges. 




Since there are several types of orthorhombic bipyramids, it fol- 
lows that each will yield two enantiomorphous bisphenoids. They 
are termed the orthorhombic bisphenoids. These are given and 
their symbols indicated in the tabulation on page 125. 

All other forms must occur with the full number of faces, that is, 
they are apparently holohedral. 
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SYMBOLS 


Fscn 


Trih*-' 


■ 


Wdu 


Nanmum 


Milltt 


Solid 
Angle. 




Unit 


-r-4-1 


]i 


\,7,\ 


4 




Ortho- 
. rhombic 


Modified 


^ta:i:mi'\ 


1 mP 

2 


\hhl\ 
\hhl\ 


4 


Bisphe- 
noids 


Brachy 


r.t['"'--^ ■■'"'] 


1 mPn 
mPfi 


\hkl\ 




Macro 


.,,[-4-] 


mPn 
r 

2 

> ,mpr, 

2 


\khl\ 
\hhl\ 




Ortho- 


Unit 


^r :5:Q0^ 


COP 


\„c\ 




rhombic 


Brachy 


nS:d : C0(^ 


osPH 


\hko\ 




Prisms 


Macro 


^f : k5 : 00(^ 


aiPn 


\kho\ 




Domes 


Brachy 


a^a-.d-.md 


mP& 


\ohl\ 


Apparently 


Macro 


S : oo5 : mi 


mPS 


\hol\ 


holohedral 




Basal 


003 : oo5 -.i 


OP 


\00!\ 




Pinacoids 


Brachy 


<Xi3 :5 : (X(^ 


aiPSi 


\oio\ 






Macro 


^E:OoJ;Oo^ 


00 /'QO 


\,oo\ 







Combtnatioii. 
7H,0. 



Figure 367. 



: OOP, \l\o\\ 



r — , ) 1 1 1 1 . Epsomite, MgSOj + 
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MONOCUNIC SYSTEM.'* 

CryBtallographic Axes. To this system belong those forms 
which can be referred to three unequal axes, two of which {a' aitd i) 
intersect at an oblique angle, while the 
third axis (S) is perpendicular to tS^ese 
two. The oblique angle between the a' 
and i axes is termed $. Figure 368 
shows an axial cross of this system. 

It is customary to place the ? axis so 
as to extend from right to left. The i 
axis is held vertically. The a' axis is then 
directed toward the observer. Since the 
cf axis is inclined, it is called the clino~ 
axis. The S axis is often spoken of as 
the orthfyaxis. The obtuse angle be- 
tween the a' and t axis is the negntive 
angle fi, whereas the acute angle is positive. Obviously, they are 
supplementary angles. The elements of crystallization consist of the 
axial ratio and the angle j9, which may be either the obtuse or the 
acute angle. Compare page 8. 

Classes of Symmetry, The monoclinic system includes three 
classes of symmetry, as follows: 

1. Prismatic class iHolohedrism.) 

2. Domatic class [Hemihedrism.) 

3. Sphenoidal class {Hemtmorphistn.) 
The first class is the most important. 



Fig 368. 



/. MONOCLINIC PRISMATIC CLASS.H 

(Holohedrism. ) 

Symmetry. This class possesses one plane of symmetry, which 
includes the a' and d axes and, hence, is directed toward the observer. 

>) Alu Icnsed Ihc cllnarhomblc, hcmlprlsoialic, mooocIlDobedra]. moDO>ymmcl[ic or oblique 
*) A'«nu/^r0ii^ ol Datw. [ize] 
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Perpendicalar to this plane, that is, parallel 
to the 5 axis, is an axis of binary symmetry. 
A center of symmetry is also present. 
Figure 369 shows these elements in a crystal 
of augite. These elements are represented 
diagrammatically in figure 370, which is a 
projection of a monocUnic form upon the 
plane of the a' and S axes. 

Hemi-pyramlds. On account of the 
presence in this class of only one plane of 
symmetry and an axis of binary symmetry, 
a form with unit intercepts, that is, with 
the parametral ratio a' : S : i, can possess 
but four faces. Figure 371 shows four 
such faces, which enclose the positive angle 
^ and are said to constitute the positive 
unit kemi-fyramid.^^ Figure 372 shows 
four faces with the same ratio enclosing the 



<-- 



-^ 




Fig. 871. 



Fig. 372. 



Fig, 373. 



negative angle ^, and comprising the neg-ative unit hetni-pyramid. 
It is obvious that the faces of these hemi-pyramids are dissimilar, 
those over the negative angle being the larger. The symbols for these 
hemi-pyramids are according to Naumann and Miller, + P } i iT f and 
— P ! 1 1 1 ( , respectively. Two unit hemi-pyramids occurring simul- 
taneously constitute the monocUnic unit bipyramidy figure 373. 
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Since this system differs esseatially from the orthorbombic in the 
obliquity of the a axis, it follows that modided, clino, and ortho 
hemi-pyramids are also possible. They possess the following general 
symbols : 

Modified hemi-pyramids, 
±{a- ■.h:m&).m>o<as\ -\-m'P{khJ\; —m?\khl\. 
Clino hemi-pyramids, 
±{na- :5 : md), «>i; + )wP»' \hkl\;—m?n- \hkl\, h<k. 
Ortho hemi-pyramids, 
+{a' -.nbimd), n>i; -\- m^Ti \hkT\; —m?~i \hkl\\ k>k. 

Prisms. As was the case in the 
orthorhotnbtc system, page 117, there are 
also three types of prisms possible in this 
system, namely, unit, clino-, and ortho- 
prisms. These forms cut the a* and h 
axes and extend parallel to the vertical 
axis. 

The general symbols are: 

Unit prism,, 
a' -.5 : ccd, OOP, Jiioj, figure 374. 

Ctinoprism, 

wa' : 5 : 00(^, OoPw, \hko\; n>i, 
h<k. 

Orthoprism, 

a' ■.nh:(Xii, ooP«, \hko\; «>l, 
h>k. 

Domes. In this system two types 
of domes are also possible, namely, those 
which extend parallel to the a* and h axes, 
respectively. Those, which are parallel 
to a\ are termed clinodomes and consist 
of four faces, figure 375. The general 
symbols are: 

Oo«' : J : mi, mVcxi', \ohl\. 

Since the a' axis is inclined to the 
d, it follows that the domes which are 
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parallel to the 5 axis consist of but two faces. Figure 376 shows 
such faces enclosing the positive angle and are termed the positive 
hemi-orthodonte, whereas in 377 the negative hemi-orthodonte is 






T" 



Fig. 376. 



Fig. 377, 



Fig. 378. 



represented. It is evident that the faces of the positive form are 
always the smaller. Figure 378 shows these hemidomes io com- 
bination. Their general symbols are: 
Positive hemi-orthodome , 

a- : Gc5 : ;«^, + otPoo, \/iol]. 
Negative hemi-orthodome, 

a' : ccS : tnd, — /«Poo, \hol\. 

Pinacoids. There are three types of pinacoids possible in the 
monoclinic system, namely, 

Basal -pinacoids, GOa" ; Oo5 ; d, 
OP, jooi!. 

Clinopinacoids, Ooa' : 5 : OOi^, 
-ooPoo', loio{. 

Orthopinacoids, o' ; (x5 : ood-, 



ooPoo, jiooj. 

These are forms consisting of but 
two fac;es. Figure 379 shows a combi- 
nation of these pinacoids. 

All forms of the monoclinic system 
are open forms and, hence, every crystal f jg, 379^ 

of this system is a combination. 

A summary of the forms of this class is given as follows: 

D,3 zB<ibyCOO<^Ie 
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MONOCLINIC SYSTEM. 





SYMBOLS 




f 




WdM 


N..^. 


Mikr 




, 


Unit 


±(a':l:{) 


1 ~^ 


1'"! 
i/„| 




Hemi- 


Modified 


±_{a' -.h-.mi) 


\ +mP 
j —mP 


1-4 -i'l 
\l,hl\ 


4 


pyramids 


Clino- 


+ {na' : 5 : md) 


J +mPtt' 
1 —mPn' 


\hkl\ 




Ortho- 
Unit 


±_(a' -.nl-.mi) 


j -mPn 


\khl\ 






a' -."B-Osi 


ckP 


\"o\ 




Prisms 


Clino- 


na' : 5 : Ccd 


OlPu' 


\/iko\ 


4 




Ortho- 


a' -.nh : 00 (^ 


CBPn 


\kho] 




Clinodome 


a>a' -.l-.md 


mP<x>' 


\ohl\ 


4 


Hemi- 


Positive 


a' -.coh :md 


+ mP^ 


\ho~l\ 


2 


orthodomes 


Negative 


a';<»5 ; mi 


~mP^ 


\I">1\ 


Pinacoids 


Basal 


OOo' : Oo5 :<^ 


OP 


loo/I 




Clino- ' 


00a' :S ; 00(^ 


coPcp' 


\oio\ 


2 


Ortho- 


a' :ooJ : 00<^ 


00 /"OO 


(too) 





Relationship of forms. This is clearly shown by the following 
diagram : 

OP OP OP OP OP 

I I I I I 

ipoo- V-ftf + -P + -P« + iPS 



I 



I 



mPoo' + mVn' 

I I 

OOPCO' 1- Q0P« 



I 
-+p— 

I 
-+»iP- 

-CCP 



■ + P7i hP56 

1 1 

+ wP« + «Poo 

1 L 

- 00 P« ooPco 
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Fig. 381. 




Fig. 382. 



CombinatioDS. Figure 380. m t=GcP, Jiioj; 
loio(; p = —V, )iii!. Gypsum, CaSO^.zHjO. 

Figure 381. c = O^, |ooi ( ; ot = ocP, liioj; d=QoPoo% 
|oioi ; >- = 2Pob. J20ij. Orthoclase, KAISijOg. 

Figure 382. ot=ooP, jiioi; c = OP, looij; a = ooPoc, 
iioo{: 9 = Pgd', joiij. Thorium sulphate. Th(S0J,.9H,0. 

Figure 383. c = OP, Jooij; a = OoPix, 1 looj ; d=ooPQO', 
}oio|; u = — P, jiiii. Diopside, CaMg{SiO,),. 



A4: 



^^S7 



Fig. 384. 




Fig. 386. 



Fig. 386. 



Figure 384. w=OoP, fiiof; * = OoPoc', ioio{ ; c = OP, 
)ooiI; « — 2P0C', |02li; y — 2P0L. l20ii; o = P, liiij; 
j; = Po6, Jioif. Orthociase. 

Figure 385. a = 00P06, j ioo{ ; /> = GOpoc', joio} ; u = — -P, 
JliiS; ^=OP, looif; m = OOP, \uo\; / =QoP3, {310!- 
Diopside. 

Figure 386. ^ = OP, Jooij; a = ocPdo. jiool; r = P5o, 
jioi(; o = — P, liiij; » = +P, iinj; g ^ +PQo. jioTj; 
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•■ = 2pGC. }2oTi; q = Poc', joiil; w = 2P2', [21 il; f = + 3?^^ 
)3ii!; = P3, }3i3{; «■ = — 3P3. i3ii{. Praseodymium sulphate, 
Pr,(S0,),.8H,0. 

2. MONOCLIfaC DOMATIC CLASS.^) 

( Hemihedrism. ) 



<--- 



Symmetry. This class possesses but one 
element of symmetry, namelv, a plane of 
symmetry as shown in figure 387. 



Tetra-pyramlds. Since the axis of 
FigTsaT. binary symmetry is lost, it follows that the 

hemi-pyramids now yield two tetra-pyramids. 
These forms consist of but two faces which are situated symmetrically 
to the plane of symmetry. For example, in figure 37 1 the positive 
hemi-pyramid yields the lower positive tetra-pyramid, which con- 
sists of the two faces in front, and the upper positive tetra-pyramid 
made up of the other two faces. In like manner th^ negative 
hemi-pyramid yields the upper and lovjer negntive tetra-pyramids. 
Their symbols are given in the tabulation on page 133. 

Hemi-clinodomes. Obviously, the clinodome is now divided 
into an upper and a loiver hemi-clinodome. 

Tetra-domes. The hemi-orthodomes yield upper and lower 
tetra-domes. 

Hemi-prlsms. Each prism now yields two hemi-prisms, desig- 
nated as front and rear forms. 

Finacoidfl. The clinopinacoids must on account of the sym- 
metry occur with the full number of faces, namely, two. The basal 
and orthopinacoids each yield two forms. In the case of the basal 
pinacoid, they are designated as upper and lower forms, while the 
terms front and rear are employed for the orthopinacoids. 

The forms and their general symbols may be tabulated as. 
follows : 



>) CtinoKedrat group of Dam 
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FORMS 


SYMBOLS • 1 






W<lu 




Miller 






Unit 

and 
Modified 


+ ["■■''■■'"']„. I 


mP 


\hki\ 

\hhl\ 
\hhl\ 

\hhl\ 




Tetra- 


Clino 


Inar -.l-.mi] 


mPif 


{hkj) 
\hkl\ 
\hkl\ 
\hkl\ 




pyramids 


H ^ ]"•' 






Ortho 


.Jr^^^^],., 


mPTi 


\khl\ 
\khH 






Unit 


["■■■'r'V^ 


OOP 


l/zol 
f"o\ 




Hemi- 
prisms 


Clino 


{naf : 5 : OtxJl ^ 


CO Pn' 

2 ^ 

coPn' 

2 '' 


\hko\ 
\l,ko\ 


2 




Ortlio , 


\a' : nS-.aoi] ^ 

1 ' V-" 


CcPn 

2 J 

coPTi 

\- 2 "- 


\kl,o\ 
\ilio\ 


J 



.ibiGoogle 
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Hemi-clinodomes 



Tetra-orthodomes 



Clinopinacoid 



^ mPcc' : , , „ 
— H . \onl\ 



\<,u 



\hol\ 
\hol\ 



tnPtx, 

mPm , ■- - 
J—/ \lioi\ 



Apparently holohedral 



foofl' : Qc5 : ^1 



OP 
OP , 



foD/'jO , 



\f-r 



'i ,1 



^|f=^ 



Combination. Fig. 



OP 

^». !oo, 



GOPOC , , , ^ OOP » ,- , 

o = — ^ — .A iiool. and — ^ — r. Jiooj; vt = 

ccP OOP - Pet' 

-^/, liiol. and ,■ r. |iio|; f = --- n, 



Pi' - P - 

+ ^ ''. U33l; o =+ -A liiij. 



lolll; 

Tetrathionate of potassium, K^S,0,, 
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3. MONOCUNK SPHENOIDAL CLASS.') 

{ HemimoTphism. ) 
Symmetry. A polar axis of binary 



<- 



-> 



,/ 



symmetry is the only element of symmetry 
present, figure 389. The forms of this 
class are hemimorphic along the b axis, 
which is now a singular axis. 

Those forms which extend parallel to 
h axis, the orthodomes, basal and orthc- 
pinacoids, are unaltered. The others yield r/g-/ii and /c/f forms, for 
example, the unit prism yields the rig-^i and /c/i hemi-prisms. 

The forms and their symbols are tabulated as follows: 



/ I 

Fig. S 



1 




SYMBOLS j 






W.i 


. 


rT^ 


Miller 












\/iit7\ 






Unit and 
Modified 


^-[- 


^1 


mP 


{h"l, 

Shhl\ 
\k'hl\ 












^r^" 


\hkl\ 




Tetra- 
pyramids 

(Spheaoidi) 


Clino 


+ '•■'["- 


-.t-.mi'y^ 


mPti 


\liVl\ 
\kkl\ 


2 




1 




mPf/ 


.\hkl\ 












r,.^ 


\kh7\ 






Ortho 


+'-.'[- 


^^1 


2 

iiifn 

1-' 2 


\khl\ 
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Hemi- 

prisms 



2 

00 /» 



r 00 Pw 



\iio\ 



\hko\ 



\kho\ 
\kho\ 



( mPoo' 



Hemi-clinodomes 






( ccPcc' 



Ciinopinacoids 



\oio\ 

\olo\ 



Hemi-orthodomes 



Basal 



coids ortho 



-| Apparently holohedral 

I I I 



ff 


f 


TTi 


> 


°- 


p 







CombI 


nations 


Figures 390 


and 391 


a = ooPQO, 


100', ;c = 


OP, |(X)i(;r 


= — Pa, 


;"oi|; P 


ojP 


|i"o|; f 


-?. 


- 


, poo- 



liiol: ? = / 



D,s-z.= b,Coo<^le 



MONOCLINIC SPHENOIDAI, CLA5R. l3t 

- POC' 

loiij {figure 390); g = } — -- , joiit (figure 391). These combi- 
nations occur on tartaric acid. C,H,0,, The above figures represent 
left- and right-handed crystals. 
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Crystallographic Axes. This system includes all forms which 

be referred to three unequal axes intersecting each other at 

oblique angles. The axes are designated 

^^ as in the orthorhombic system, namely, 

3, brachydiagonal ; S, macrodiagonal ; and 

(^, vertical axis. From this it follows 

that one axis must be held vertically, a 

second is directed toward the obser\'er, 

and then the third is inclined from right 

to left or x'ice versa. Usually the 

brachydiagonal is the shorter of the two 

lateral axes. Figure 393 shows an axial 

cross of the triclinic system. The oblique 

angles between the axes are indicated as 

Fig. 3.)2. follows; 5 A (" -^ a. S A ^- = /3, and * A 5 

-= y. The elements of crystallization 

consist of the axial ratio and the three angles a. fi, and y, page 8. 

Classes of Symmetry. There are but two classes of symmetry 
in the triclinic system, namely: 

1. Pinacoidal class (ffolohedrism). 

2. Asymmetric class {Hemihedrism). 
The first is the important class. 






PINACOIDAL CLASS.'} 



( Hoiohedrism, ) 



Symmetry. A center of symmetry is the 
only element present. Hence, forms can con- 
sist of but two faces, namely, face and parallel 
counter-face. This is represented diagramma t- 
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ically by figure 393, which shows a tricKnic combination projected 
upon the plane of the H and 5 axes. 

Tetra-pyramids. As already shown, triclinic forms consist of 
but two faces. Therefore, since the planes of the ciystallographic 
axes divide space into four pairs of dissimilar octants, it follows that 
four types of pyramidal forms must result. These are spoken of as 
tetra-pyramids}^ There are, hence, four tetra-pyramids, each cut- 
ting the axes at their unit lengths. The same is also true of the 
modified, brachy- and macro-bipyrantids. That is to say, the var- 





ious bipyramids of the orthorhombic system, on account of the obliq- 
uity of the three axes, now yield four tetra-pyramids each. They are 
designated as upper right, upper left, lower rig'ht, and loz^cr left 
forms, depending upon which of the front octants the form encloses. 
Naumann indicates them in turn by P', 'P, P., ,P. The general 
symbols for all types are given in the tabulation on page 141. Figure 
394 shows the four unit tetra-pyramids in combination. 

Hem f -prisms. Obviously the prisms are now to be designated 
as right and left forms. These two forms are in combination with 
the basal pinacoid in figure 395. 
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Ueml-domes. All domes now consist of but two faces. Hence, 
we may speak of rig'ht and left hemi-brach^dotnes, and ufper and 





Fig. 390. 



Fig. 397. 



lower hcnti-niacrodomes. These forms are shown in combination 
with the macro- and brachypinacoids, respectively, in figures 396 and 
397. 

Pinacoids. These forms occur with their usual number of faces 
and are designated, as heretofore, by the terms basal, brachy-, and 



.f — 



macropinacoids, depending upon the fact whether they extend paral- 
lel to the d. S, or 5 axis. Figure 398 shows these pinacoids in 
combination. 
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The varioas foims and symbols are given is the following table: 







SYMBOLS 




>.„.. 


».„.. 


Miller 




Unit 




a: I: i 
a: -I: i 
S: t;-i 
i:-l:~i 


P- 
■P 
P. 
,P 


\i77\ 


Tetra- 


Modified 




^f ; 5 : mi 
3 : -d : mi 
a : 5 : -mi 
H: -5 : -mi 


mP- 
m-P 
mP. 
m.P 


\hhl\ 
\hhH 
\hh7\ 
\hhT\ 


pyramids 


Brachy 




jta : 5 : mi 
?tti : -d : mi 
it(i : 5 : -mi 
nn : -h : -mi 


mP'n 
m-Pii 
mPM • 
m.Pil 


\hkl\ 
\kkl\ 

\kk'i\ 




Macro 




S: iti: mi 
n : -nT) \ mi 
fl : nh : -mi 
n : -«5 ; -mi 


mP'n 
m'Pn 
mP.h 
m.Pii 


\khl\ 
(khl\ 
\kkl\ 
\khl\ 


- 


Unit 


j a: h-.cci 


•xp: 

a^.P 




Hemi-prisms 


Brachy 




■xP-.n 
x-.pn 


\kho\ 
\kko\ 




Macro 


i it : «S : OOt' 
1 /l:-nS:Cxi 


aiP-.n 
rxi'.Pn 


\kho\ 
\kho\ 


Hemi-domes 


Brachy 




m,P'£ 
vi' P,S^ 


\ohl\ 


Macro 


f a:cc5 : Vlt 
\ it-.xi: -mi 


m'P'S, 
m.P.ai 


\kal\ 
\kol[ 




Basal 


- 


Ccil-.a^h :i 


OP 


\oo,\ 


Pinacoids 


Brachy 


cca : 5 : o^i 


ccP& 


\oio\ 




Macro 


^:Oo5 ;ac(^ 


QCPO^ 


I'ool 
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ReUtienshlp of forms. The diagram on page 1 20 may be used 
for this purpose, if we bear in mind that bipyramids, prisms, and 
domes, indicated in the same, now represent four tetra-pyramids, 
two hemi-prisms, and two hemi-domes, respectively. 

ComblnatiODtt. Figure 399. 
7«=<xP;jiroj;M = co;P|ii"o!;s 
Axinite, HCa.Al.BSi.O,,. 



X = P'iiiii; r = 'Piiiih 
= 2'P'o^ J20if ;o = ooPoDJioot. 




Fig. 899. 



Fig. 400. 




Fig. 401. 



Figures 400 and 401. m = ooP,'iiiot; M = ooIPjiiot; 
A =ooPoo!oioi; c = OPfooi!; * = ,P.OcJ loij ; o = P,)iir|; 
r = J,P,0ol4O3t. Albite, NaAlSi,0,. 

2. ASYMMETRIC CLASS.^) 

( Hemihedrism. ) 



Symmetry. This class has no element of 
symmetry. This is clearly shown by figure 
402. 

Forms. Since the center of symmetry is 
lost, it follows that one face may constitute a 
form and, hence, this class possesses offdo- 
pyramids, ielra-prisins , and tetra-domes. The forms are desig- 
nated as in the preceding class, indicating, however, whether the 
octant in which the form lies is in front or not. For example, 



Fig. 402. 
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-d -.7} : d. P'r, } i iT{, is an ogriopyramid occupying 
the upper right rear octant, while 3:5: -d, P,/", 
) 1 il i, is another in the lower right front octant. 

The various forms and their symbols are easily 
deduced from those given on page 141. 

Combinations. Figure 403. a = gcPoc /, 
j lOOj ; a' — CO Poo r, j 100 j ; i = aPdo r, )oio| ; 
A'= ooPdo /, loTo}; c = 0?ii. jooij; d = OP/. 
Jooii, «- P'Sr, IT22J ; / = Poo/, jiofj ; strontium 
bitartrate, Sr(C.H,0,H),.4H,0. 



/f^ 
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COMPOUND CRYSTALS. 

Parallel Grouping. Oftentimes two crystals of the same sub- 
stance are observed to have so intergrown that the crystallographic 

axes of the one in- 
dividual are parallel 
to those of the other. 
Such an arrange- 
ment of crystals is 
termed parallel 
g-rouping-. Figures 
404 and 405'* show 
such groups of quartz 
and calcite, respect- 
ively. Occasionally, 
crystals of different 
substances are observed grouped in this way. 

Twin Crystals. Two crystals may also intergrowso that, even 
though parallelism of the crystals is wanting, the growth has, never- 
theless, taken place in 
some definite manner. 
Such crystals are 
spoken of as (win crys- 
tals, or in short, ■ 
tivins. Figure 4 O 6 
illustrates such a twin 
crystal commonly ob- 
served on staurolite. 
In twin crystals both 
individuals have at least one crystal plane or a direction in common. 
Figure 407 shows a twinned octahedron. The plane common to 
both parts is termed the composition plane. In general, the 
plane to which the twin crystal is symmetrical is th« twinning' 
plane. In some instances, composition and twinning planes 
coincide. Both, however, are parallel to some possible face of the 




Fig. 406. 



Fig. 407. 



!r TicherinBli nnd M 



(mi 
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crystal, which is not parallel to a plane of symmetry. The line or 
direction perpendicular to the twinning; plane is the twinning axis. 
A twinning- laiv is expressed by indicating the twinning- plane or 
axis. 

Twin crystals are commonly divided into two classes: i) Con- 
tact or Juxtaposition twins, and 2) Penetration twins,'' These 
are illustrated by figures 407 and 406, respectively. Contact twins . 
consist of two individuals so placed that if one be rotated through 
180° about the twinning axis the simple crystal results. In penetra- 
tion twins two individuals have interpenetrated one another. If one 
of the individuals be rotated through 180° about the twinning axis 
both individuals will occupy the same position. 

Contact and penetration twins are comparatively common in all 
systems. In studying twins, it must be borne in mind, as pointed out 
on page 3, that the two individuals may not be symmetrical owing 
to distortion. Re-entrant angles are commonly indicative of twinning. 

Common twinning laws. Cuble System. The most common 
law in the cubic system is that known as the spinel law, where the 
twinning plane is parallel to a face of an octahedron, 0{i!i}. 
. Figure 407 shows such a twin crystal of the mineral spinel, while 
figure 408 shows a twinned octahedron of magnetite. A penetration 




Fig. 408. Fig. 409. Fig. 410. 

twin of fluorite is shown in figure 409. Here, two cubes interpen- 
etrate according to the above law. F^ure 410 shows a penetration 
twin of two tetrahedrons, observed on the diamond. The twinning 
plane is a plane parallel to a face of a cube, ooOix{ioo}, which in 

waod ralalion t«liu.b«miu>elbcT*rc •jFmmctrkil toa pUnearuI 
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the hextetrahedral class is no longer a plane of symmetry. The axes 
are parallel in the two individuals and since the twinning tends to 
give the twin the symmetry of the hexoctahedral class, such twinned 
crystals are sometimes spoken of as supplementary twins. 

Of the minerals crystallizing in the dya- 
kisdodecahedral class, pyrite furnishes excel- 
lent twins. Figure 411 shows a penetration 
twin of two pyritohedrons of this mineral. 
Such twins are often known as crystals of 
the iron cross. A plane parallel to a face of 
the rhombic dodecahedron, OsO (iiott is the 
twinning plane. Such a plane is parallel to 
the secondary planes of symmetry which are 
npt present in this class. 
Hexagonal System. Calcite and quartz are the only common 
minerals belonging to this system which furnish good examples of 
twinning. These minerals belong to the ditrigonal scalenohedral and 
trigonal trapezohedral classes, respectively. 




Fig. 412. Fig. 413. Fig, 414. 

Upon calcite the basal pinacoid, ORIoooi j, is oommonly a twin- 
ning plane. Figure 412 illustrates this law.'* A plane parallel to a 
face of the negative rhombohedron, — ■iR{oii2K may also be a 
twinning plane as illustrated by figure 413. These are the most 
common laws on calcite although crystals possessing a twinning plane 
parallel to a face of the rhombohedron, — 2R}o22ii, are also to hi 
noted. 



with figure 187. 
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The so-called Brazilian law is common on twins of quartz, figure 
414. Here, a right and left crystal have interpenetrated so that the 
twin is now symmetrical to a plane parallel to a face of the prism 
of the second order, 00P2 }ii2o}, compare figures 253 and 254. , 
Figure 414, as is obvious, possesses a higher grade of symmetry than 
its component individuals, namely, that of the dttrigonal scalenohe- 
dral class. 

Tetragonal System. Most 
of the twin crystals of this 
system are to be observed on 
substances crystallizing in the 
di tetragonal bi pyramidal class. 
In this class a plane parallel to 
a fate of the unit bipyramid of 
the second order, Poo joii(, 

commonly acts as the twinning pig. 415. Fig. 416. 

plane. Figures 415 and 416 

show crystals of cassiterite and zircon, respectively, twinned accord- 
ing to this law. 

Ortborbombic System. The most common twins of this system 
belong to the bipyramidal (holohedral) class in which any face aside 
from the pinacoids may act 
as twinning plane. Figure 
406, page 1 44, shows a pen- 
etration twin of staurolite, 
where the brachydome, |pQc 
[032 1 , acts as the twinning 
plane. Figure 417 shows 
the same mineral with the 
pyramid, -I?! {232I, as the 
twinning plane. Figure 418 
represents a contact twin of aragonite. 
liioj, is the twinning plane. 

nonoclinic System. In this system, gypsum and orthoclase 
furnish some of the best examples. Figure 419 shows a contact 
twin of gypsum in which the orthopinacoid, OoPotJioo}, is the 
twinning plane. A penetration twin of orthoclase is shown in figure 




Fig. 417. Fig. 418. 

Here the unit prism, 00 P 
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Fig. 419. Fig. 430. 




Fig. 421. 



420. Here, the orthopinacoid also acts as 
twinning plane. This is known as the 
Karlsbad /aw on orthoclase. 

Triclinic System. Since there are no 
planes of symmetry in this system, any 
plane may act as the twinning plane. The 
mineral albite furnishes good examples. In 
figure 421, the clinopinacoid, ooPdo joio}, 
acts as the twinning plane. This is the 
albite laiv. Another 
common law is shown 
by figure 422. Here, 
the basal pinacoids 
of both individuals 
are parallel, thecrys- 
tallographic h axis 
This is known as the 



Fig. 422. 



the twinning axis. 

laxu. 



actmg as 
periciin. 

R«pested twinniDg. In the foregoing, crystals consisting of but 
two individuals have been discussed. Intergrowths of three, four, 
five, etc., individuals are termed threelings, fourlings, hvelings, and so 



Fig. 423. 



Fig. 424. 



Fig. 425. 



on. Poly synthetic and cyclic twins are the result of repeated twin- 
ning. In the polysynthetic twins the twinning planes between any two 
individuals are parallel. This is illustrated by figures 423 and 424 
showing polysynthetic twins of albite and aragonite, respectively.'' 
If the individuals are very thin the re-entrant angles are usually 

> ) Compare wllh figiirM U8 and til. 
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indicated -by striations. The cyclic twins result when the twinning 
planes do not remain parallel, as for example when adjacent faces of 
a form act as twinning planes. This is shown by the cyclic twins of 
rutile, figure 425, in which adjoining faces of the unit bipyramid of 
the second order 00P2 Joi 1 1 act as twinning planes. 

Mimierj'. As a 
result bi repeated twin- 
ning, forms of an appar- 
ently higher grade of 
symmetry usually re- 
sult. This is especially 
common with' those 
substances possessing 
pseudosymmetry, page 
94. Figure 426 shows 

a trilling of the orthorhombic mineral aragonite, CaCO,, which is 
now apparently hexagonal in its outline. In figure 427 the cross- 
section is shown. This phenomenon is called r. 




Fig. 426. 



Fig. 427. 
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TABULAR CLASSIFICATION 

SHOWINO THB BLBMBNTS OP SVMMBTRV 

AND THE SIMPLE FORMS 

OF THB THIRTY-TWO CLASSES OF CRYSTALS. 



CUBIC SYSTEM. 

C^ses of Crystals, I to S. 

(Page 150.) 
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TABULAR CLASSIFICATION SHOWINO THE ELEMENTS OP SYMMBTRV M 

L CUBIC: 



cuss 




SVM 


METRV 










Plann 


And 


S 





a -.a : Cca 
ooO 

J7/0S 


a ,: 


1. Hexoctahedral 

{Hohhedrism) 


3 

3 


6 


3 


4 


6 


Octahedron 


Rhombic 
Dodecahedron 


Hi! 


2. Hextetrahedral 

{Tetrahedral Hemihedristn) 


6 — 


4 

4 


3 
3 
6 


, 


Tetrahe- 
drons 

(±) 






3. DyakisdoilooahedrHl 

(Pyritoksdral Hemihedrism) 




- 








4. Pentagonal 

Icositetrahedral 

{nagikedral Hemihgdrism) 


3 


4 
4 








5- Tetrahedral 
Pentagonal 
Dodecahedral 

( felariohedrism) 


3 


- 


Tetrahe- 
drons 
(±) 
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J*ND THB SIMPLE FORMS OP THE THIRTY-TWO CLASSBS OP CRYSTALS. 



SYSTEM.'^ 



FORMS 




: cca -.COa 

GoOOO 
. \!00\ 


IflO 

\hhl\ 


mOm 

\hll\ 


a: ma: aoo 
CoOot 

\hko\ 


■mOn 

\hkl\ 


REPRESEMT- 


Hexahedron 


Trigonal' 
Trisoctahe- 

dron 


Tetragonal 

Trisoctahe- 

dron 


Tetrahexa- 
hedron 

1-/ 


Hexoctahe- 
dron 


Galena 
(FbS) 




Tetragonal 
Tristetrahe- 

drons 

(±) 


Trigonal 
Tristetrahe- 

drons 
(+) 


" 


Hextetrahe- 
drons 
(±) 


Tetrahedrite 
(Cu„Fe,Zn). 
(AS,Sb).S, 






1 Pyritohel^ 
1 ■ drons 

(±) 


Dyakis- 
dodecahedrons 

(+) 


Pyrite 
(FeS.) 










Pentagonal 

Icositetrahe- 

drons 

{r,D 


Sal 
Ammoniac 
(NH.Cl) 


Tetragonal 

Tristetrahe- 

drons 

(±) 


Trigonal 

Tristetrahe- 

drons 

(±) 


Pyritohe- 
drons 

(±) 


Tetrahedral 

Pentagonal 
Dodecahedrons 


Sodium 
Chlorate 
(NaClO.) 
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CUusea o/ Ciyatats. 6toB. 
(Page isi) 



D,Bi,z,db^Coo<^le 



2. HEXAao^ 





SYMMETRY 










PUn» 


Ann 




rt :00a:o:OTc 

m? 

\ roll i 


2a:2a:a:mc 

\hk7hi\ 




CLASS 


t 

I 


1 

3 
3 


% 
3 
3 

3 
3 


• 

I 
I 


▲ 


- 



3+3 

3 

3 

3+3 


1 

I 

I 


M 


6. DihexagoBal 
Bipyramidal 

{Holohedrism) 


Hexagonal' 
Bipyramids 
First order 


Hexagonal 
Bipyramids 
Second order 


Dihi 
Bip 


7. Dihexftgonal 
Pyramidal 

\ Holohedrism unth] 


Hexagonal 

Pyramids 

First order 

(u,i) 


Hexagonal 

Pyramids 

Second order 

(«, /) 


Dih. 
Py 

( 


8. Ditrigonal 
Blprramidal 

f Tr^onal "j 


Trigonal 

Bipyramids 
First order 

( + > 




Dil 

Bip: 

( 


9. Ditrlsonal 
Sealenohedral 

i HemHttdrisnt J 


- 


Rhombohe- 

drons 
First order 

(±) 




Sea 

1 


10. Hexi««Dal 
Bipyrsmidal 




I 






He: 
Bip 
Thi: 


II. Hexagonal 
Trapezobedral 

f Trapezohtdral 1 
I HemUudrism ] 


- 


- 


- 




He: 
Tra 

( 
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ONAL SYSTEM. 



ta:pa:a:mc 
ni¥n 

\kikl\ 


OOP 

\ioio\ 


2a:2a:a:Qr>c 
00 P^ 
\i/2o\ 


na : pa:a:(X>c Cca.'Xa.ooaic 

ooP« i OP 

\/itka\ j \oooi\ 


REPRESENTATIVE 


)ihex agonal 
Bipyramids 


Hexagonal 

Prism 
First order 


Hexagonal 

Prism 

Second order 


Dihexagonal 
Prisms 


Basal 
Pinacoid 


Beryl 

(Be^l,(SiO.),) 


[)ibexagonal 
Pyramids 

(w. I) 








Basal 
Pinacoids 


Zincite 

(ZnO) 


Dilrigonal 
Bipyramids 

(±) 


Trigonal 

Prisms 

First order 

(+) 




Ditrigonal 
Prisms 

(+) 






Scalenohe- 
drons 

( + ) 










Calcite 
(C.CO.) 


Heiagonal 
Bipyramids 
Third order 

(±) 






Hexagonal 

Prisms 
Third order 

( + ) 




Apatite 

(Ca.Cl(PO,).) 


Heiagonal 
rrapezohe- 

drons 










Barium Stibio- 
tartrate and 
Potassium Ni- 
trate 
Ba (SbO), 
C.H.OJ,+ 
KNO. 



.ibiCoogle 
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{Continued) ^ 

Classes ol Crystals, 12 to IJ, 

(Page 152.) 
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HEXAQOl 

{ Co/il 



12. Ditrlgonal 
Pyramidal 

t Trigonal Memi- ' 
hedrism tvith 
Hemimorpkism 

13. Hexagonal 
Pyramidal 

\hedris'n with 
y I lemimorphism 



14. Trigonal 
Bi pyramidal 

r Trigonal 1 

L Tetailohedrism) 

i5.Tri(;ona1 
Trapezohedral 

f Trapezohedral 1 
I Teiartohedrism\ 



SVMMETRV 



16. Trigonal 
U horn boh edral 

[A'hom bohedra I 
Tetaitohedrism 



7. Trigonal 
Pyramidal 

(Ogdohedrisfii) 



A.., 






«:QC(/:«;wr 


2a:2a:a:mc 


na: 


A • 


^ 


wP 
Trigonal 


mV2 


\ 


Hexagonal 








Pyramids 


Pyramids 


V' 


folar) 




■ First order 


Second order 








j Hexagonal 


(«, /) 






Hexagonal 


Hi 






! Pyramids 


Pyramids 


¥■ 






i First order 


Second order 


Th 




- 


(«. I) 


("./) 


H 




Trigonal 


Trigonal 


T 




; Bipyramids 


Bipyramids 


Bi, 




1 First order 


Second order 


Th 





(±) 


(±) 


^ 


Khombohe- 


Trigonal 


1 




drons 


Bipyramids 


Tn 




First order 


Second order 




1 


( + ) 


(+) 


(j 


1 


Rhombohe- 


Rhombohe- 


Rh 




drons 


drons 




' 


* 


First order 


Second order 


Th 


— : - 




( + ) 


(±> 


4 


1 




T 






Trigonal 


Trigonal 


Th 






Pyramids 


Pyramids 




" 


~ 1 First order 


Second order 










(+«, +/) 


(+«, ±1) 
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Ceiilinufd) 



FORMS 




i(i:f>a:a:mc 


a:<Xa:a:OCi 
OOP 


00 P2 

\ll20\ 


mi -.fa : a : occ OCrt ;0c« ;0C rt :r 
OcP« OP 

\hi~ko\ \oooi\ 


■«— ""VH 


Ditrigonal 

Pjramids 


Trigonal 

Prisms 

First order 

( + ) 




Ditrigonal 
Prisms 


Basal 
Pinacoids 


Tourmaline 
Al.B.O.H, 
Al Mg Fe 
3' 2 ' 2 ' 
Li, Na, H J , 
(SiO.). 


Hexagonal 

Pyramids 
Third order 






Hexagonal 

Prisms 
Third order 

_ .^±'._. 

Trigonal 

Prisms 

Third order 

(4- r, + /) 


Basal 

Pinacoid 

II. I 


Strontium Anti- 
monyl - tartrate 
Sr{SbO),(C,H, 


Trigonal 
Bipyramids 
Third order 


Trigonal 

Prisms 

First order 

( + ) 


Trigonal 

Prisms 
Second order 

( + ) 






Trigonal 

TnpezQhe- 

drons 




Trigonal 

Prisms 

Second order 


Ditrigonal 

Prisms 




Quartz 

(SiO.) 


Rhombohe- 
Third order 






Hexagonal 

Prisms 

Third order 

(±) 




Dioptase 

(H^CuSiOJ 


Trigonal 
Pyramids 
Third order 
- r, u; 
f r, /; 

^ A «,■ 

-1- I, I; 


Trigonal 

Prisms 

First order 


Trigonal 

Prisms 

Second order 

(±) 


Trigonal 

Prisms 
Third order 

(+n +/) 


Basal 
Pinacoids 


Sodium 

Periodate 

(NaIO.+3H.O) 
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(Page 153.) 
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3. TETRAQO. 



19. Ditetragunal 
Pyramidal 

( Holofiedrism jvi/h^ 
\ Hemimorphism J 

20. Tetragonal 
Siralenohedral 

f sphenoidal ) 
yHitnihedrism] 



18. Ditetragoiial 
Bipyraniidal 

( Hotohedristii ) 



21. Tf^traganal 
Bipyraniidal 

I f^ramidal 1 
I Hemikedrism J 

22. Tetragonal 
Trapezohedral 

f Trapezohedral\ 
\ Hemikedrism J 

23. Tetragonal 
Pyramidal 

(Pyramidal Hetnihedrism\ 
wilk Hemimorp/iistH J 

24. Tetragonal 
BIsphenoidal 

( Tetarlokedristn) 



Tetragonal 
Bipyramids 
First order 



Tetragonal 
Bipyramids 
Second order 



Tetragonal 
Pyramids 
First order 

(". I) 



Tetragonal 

Pyramids 

Second order 



Tetragonal 
Bisphenoids 
First order 



Tetragonal 
Pyramids 

First order 



Tetragonal 
Bisphenoids 
First order 

(+) 



a iCCa : mc 
mPcc 



Tetragonal 

Pyramids 

Second order 



Tetragonal 
Bisphenoids 
Second order 
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FORMS 




• a :na \ mc 
\ \hkl\ 


a : a : OOf 
OOP 

liioi 


oopoo GoPh 
hoo! ' \hko\ 


OP 

iooi! 


REPRESENTATIVE 


Ditetragonal 
I'Bipyramids 


Tetragonal 

Prism 
First order 


Tetragonal i Ditetra- 

Prism gonal 
Second order Prisms 


Basal 
Pinacoid 


Cassiterite 
(SnO.) 


Ditetragonal 
; Pyramids 








Basal 
Pinacoids 


Silver Fluoride 
(AgF + H.O) 


1 Tetragonal 

Scaienohe- 

drons 

(±) 










Chalcopyrite 
(CuFeS.) 


Tetragonal 
Bipyramids 
Third order 

(±) 






Tetragonal 

Prisms 
Third order 

(±) 




Scheelite 
(CaWO.) 


Tetragonal 

Trapezohe- 

drons 

(r, /) 










Nickel Sulphate 
(NiSO. + 6H,0) 


Tetragonal 
Pyramids 
1 bird order 

+ H. + / 






Tetragonal 

Prisms 
Third order 

(+) 


Basal 
Pinacoids 

O'.l) 


Wulfenite 
(PbMoOJ 
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Acid, tartaric, 137, 155 
Albite, 8, 142, 148, 156 
Albite Law, 148 
Alum, 3 
Amorphous structure, 1 

substances, 2 
Analcite, S4 
Anatase, 9S 
Anglesite, 8 

Angular position of faces, H 
A north ie system, 138 

Apparently holohedral forms, 29 
Aragonite, 8, lao, 14T, 148, 149 
Argentite, 34. 25 
Asymmetric class, 148, 156 

group, 143 

system, 138 
Axes, crystal lographic, 4, IT, 43, 93, 115, 
136, 138 

of symmetry, 13 

Axial ratio, 7 
Axinite, 143 
Axis, polar, 16 
singular, 18 

Barite. 154 

Barium nitrate, 4S 

Barium stibiotartrate and potassium 

nitrate, TO, 151 
Beryl, 53, 151 
Bisphenoids, orthorhombtc, 134 

tetragonal, lirst order, 103, 111 
second order, 111 
third order, 113 
Boracite, 32 
Brachy bipyramids, 117 

diagonal, 115, 138 

domes, 118 

Brazilian law, 147 
. Brookite, 120 



Calamine, 123, 154 

Calcite. 64, 65, 144, 146, 151 

Cassiteritc, 99, 147, 153 

Celestite, 131 

Center of symmetry, 14 

Chalcocite, 120 

Chalcopyrite, 105. 153 

Chemical crystallc^raphy, 2 

Chrysoberyl, 120 

Cinnabar, 85 

Classes of crystals, 14, 150 

Qassification of the thir^-two classes 

of crystals, 150 
Qino-axis, 126 

domes, 138 

hemt-pyramid, 128 

prism, 128 

rhombic system, 128 

rhomboidal system, 13B 
Clinohedral group, 133 
Closed forms, 6 , 
Cobaltite, 36 

Coefficients, rationality of, 9 
Combinations, 7 

cubic, 23, 31, 35, 38, 42 

hexagonal, 53, 55, 64, 68, 74. 78, B5, 

89, 91 

tetragonal, 98, 101, 104, 108, 111 

orthorhombic, 120, 133, 135 

monoclinic, 131, 134, 136 

triclinic, 143, 143 
Common twinning laws. 145 
Composition plane, 144 , 

Compound crystals, 144 
Congruent forms, 16 
Constancy of interfacial angles, 2 
Contact twins, 145 
Copper, 24 
Correlated forms, 15 
Corundum, 64, 65 
Crystal faces, 3 

forms, 6 

habit, 4 

tWI]- 
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CrysUl system, 14 

systems, 6 
Crystalline structure, 1 
Ciystallization, elements of, 8 
Cry su Hi zed substances, 2 
Crysullographic axes, 4 

cubic. 17 

hexagonal, 43 

tetragonal, 9S 

orthorhombic, 115 

monoclinic, 133 



tridin 



. 13S 



Crystallography, 2 
Crystals, 1, 2, 
distorted, 3 , 
formation of, 1, 2 
Cube, 19 

Cubic system, S, IT, 150 
Cyclic twins, 148 
Dana's symbols, 11 
Deltoid, 27 
Diamond, 145 
Didodecahedron, 34 
Dihexagonal bipyramid, 48 
bipyramida) class, 44, 151 
prism, 50 

pyramidal class, 53, 151 
pyramids, 54 
Diopside, 131 
Dioptase, 89, 152 
Diploid, 34 
Distortion, 3 

Ditetragonal bipyramid, 95 
bipyramidal class, 93, 153 
prism, 96 

pyramidal class, 99, 1S3 
Ditrigonal bipyramidal class, 58, 151 
bipyramids, 57 
prisms, 59, 72 
pyramids, 71 
pyramidal class, 70, 152 
pyramidal telartohedrism, 70 
scalenohedral class, 60, 151 
Dodecahedron, 19 
deltoid, 27 
pentagonal, 33 
rhombic, 19 
tetrahedral pentagonal, 39 



Dolomite, 8u 
Domatic class, 132, 1S5 
Dyakisdodecahedral class, 3S, IM 
Dyakisdodecahedron, 34 

Elements of crystallization, 8 

symmetry, 13 
Kpsomite, 125, 154 
£tch<figures, 29 

Faces, angular position of, 14 
Fivelings, 148 
Fluorite, 24, 145 
Form, crystal, 8 
Formation of crystals, 1, S 
Forms, congruent, 16 

closed, 6 

correlated, 15 

Enantiomorphous, 16 

fundamental, 6 

hemi-morphic, 16 

unit, 7 
Fourlings, 148 
Fundamental forms, 

Galena, 34, 150 

Garnet, 25 

Geometrical crystallography, S 

Gypsum, 8, 131, 147, 155 

^Toidal hemihedrism, 36 

Gyroids, 37 

Habit, crystal, 4 
prismatic, 4 
tabular, 4 



Halit. 



24, : 



Hematite, 64, 65 
Hemi-bipyramid, 127 
clinodomes, 133 
domes, 140 
Hemihedrism, 15 
cubic, 26, 32, 36 
hexagonal, 65 
tetragonal, 101 
orthorhombic, 123 
monoclinic, 132 
tridin Ic, 142 
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Hemimorphic forms, 16 
group, hexagonal, S3 
monoclinic, 135 
orthorhombic, 131 
tetragonal, 99 
Hemimorphism, 16 

hexagonal, 93, TO, 74, 89 
monoclinic, 133 
orthorhombic, 121 
tetragonal, 69, 110 
Hemimorphite, 103 
Hemi-orthodomes, 139 
Hemiprisms, monoclinic. 132 

triclinic, 139 
Hemiprismatic system, 136 
Hemipyramids, 127 
Hexagonal basal pinacoid, 51 
bipyramidal class, 65, 151 
bipyramid, first order, 46 
second order, 46 
third order, 65 
hemihedrisms, 5S 
prism, tirsl order, 50 
second order, 50, 73 
third order, 67, B7 
pyramid, first order, 54 
second order, 54, 71 
third order, 75 
pyramidal class, 74, 153 
system, 5, 43, 151, 153 
tetartohedrisms, 78 
trapezohedral class, 68, 151 
trapezohedrons, 68 
Hexahedron. 19 
Hexoctahedral class, 17, 150 
Hexoctahedron, 21 
Hextetrahedral class, 26, 150 
Hextetrahedron, 38 
Holohedral, apparently, 39 
Holohedrism, 15 

I CO si tetrahedron, 20 

Incline- face hemihedrism, 37 
Indices^ Miller's, 12 
lodyrite, 55 



Ire 



, 146 



Isometric system, 17 
Juxtaposition twins, 3 



Karlsbad law, 148 

Leucitohedror, 30 
Limiting forms, S3 

MacrobipyramJds, 117 

diagonal, 115, 138 

domes, 118 

prisms, 117 
Magnetite, 25, 145 
Miller's Indices, 12 

system, 13 
Mimicry, 149 
MocKfied hemi-pyraraid, 128 

pyramid, 7 
Monoclinic domatic class, 132, 15S 

domes, 138 

prismatic class, 136, 155 

prisms, 128 

sphenoidal class, 135, 155 

system. 5. 136, 155 
Monoclinohedral system, 126 
Monosymmetric system, 126 



Naumann symbols, 11, 62 
Nepheline, 76 
Nickel sulphate, 109. 153 
Normal group, cubic, IT 

hexagonal, 44 

monoclinic, 126 

orthorhombic, 115' 

tetragonal, 93 

triclinic, 138 

Oblique system, 136 

Octahedron. 19 

Octants, 17 

Ogdohedrism, 15, 89 

Ogdo-pyramids. 142 

Open forms, 6 

Ortho-axis, 136 

Orthoclase. 131. 147, 148 

Orthohemi -pyramid, 128 

Ortho-prism. 138 

Orthorhombic bipyramidal class, 115, 154 

bipyramids, 116 

bi sphenoidal class, 123, 154 

bisphenoids, 124 

domes, lis 
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Onhorhombk pinacoids, llB 
prisms, 117 

pyramidal class, 121, 154 
system. 5, 115, 154 

Parallel -face hemihedrism, 32 

grouping, 144 
Parameters, 5 
Parametral ratio, 5 
Penetration twins, 145 
Penta-erythrite, 101 
Pentagonal dodecahedron, 33 

hemihedrism, 32 

icositetrahedron, 37 

icositetahedral class, 36, ISO 
Pericline law, 14S 
Physical crystallography, 3 
Pinacoidal class. 138, 1S6 
Plagiohedral group, 36 

hemihedrism, 36 
Planes of symmetry, 12 
Polar axes, 16 
Pole, 53 

Polysynthetic twins, 148 
Potassium tetrathionate, 134, 155 
Praseodymium sulphate, 132 
Prismatic habit, 4 

system, 116 
Pseudosymmetry, 94, 149 
Pyramid cube, 21 
Pyramidal group, hexagonal, 85 
tetragonal, 105 

hemihedrism, hexagonal, 55, 65 
tetragonal, 101, 105 

I^ritc, 30, 33, 3-), 36, 146, 150 
I^i'itohedral group, 32 

hemihedrism, 33 
Pyritohedron. 33 

Quadratic system, 91 

Quartz, 8, 85, 144, 146, 147, 152 

Ratio, axial, 7 

parametral, 5 
nationality of coefficients, 9 
Re-entrant angles, 148 
ns, 145 



Regular system, 17 
Repeated twinning, 14B 
Rhombic dodecahedron, 19 
Rhombic system, 115 
Rhombohedral group, 60 

hemimorphic, 70 

hemihedrism, 55, 60 

hemimorphic class, 70 

tetartohedrism, 76, 85 
Rhombohedron of the middle edges, 9S 

— like forms, 71 
Rhombohedrons, first order, 60, 81. 85 

second order, 86 

third order, 86 
Rotation twins, 145 
Rutile, 149 

Salammoniac, 38, 150 
Scalenohedron — like forms, 71 
Scalenohedrons, hexagonal, 61 

tetragonal, 103 
Scheelile. 108, 153 
Siderite. 64 

Silver fluoride, 101, 153 
Singular axis, 16 
Sodium chlorate, 4S, 150 

periodate, 91, 152 
Sphalerite, 30, 31, 32 
Sphenoidal group, orthorhombic, 133 
tetragonal, 102 

hemihedrism, 101, 102 
Spinel, 24, 2S, 14S 

law, 145 
Staurolite, 144, 147 
Steno, Nicolas, 4 
Striations, 31, 149 
Strontium antimony! -tartarte, 76, 152 

bitartrate, 143, 156 
Structure, amorphous, 1 



Stru 



:, 123 



Strychnine sulphate, 109 

Sulphur, T, lao 
Supplementary twins, 146 
Sylvite. 29 
Symbols, 10 
. Weiss, 11 
Symmetry, axes of, 13, 14 
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Symmetry, center, 14 
classes of, 14 
elements of, IS 
planes of, 12 

Tabular habit, i 
Tartaric acid, 137, 155 
Tesseral system, 17 
Tessular system, 17 
Tetartohedral group, cubic, 38 

tetragonal. 111 
Tetartohedrism, 15 
cubic, 38 
hexagonal, 76 
tetragonal. 111 
Tetra-bipyramids, 138 

donies, monoclinic, 132 
trie I ink , 143 

pyramids, monoclitiic, 132 
Iriclinlc, 139 
Tetrathionate of potassium, 134, 155 
Tetragonal basal pinacoid, 97 
bipyramjdal class, 105. 1S3 
bipyramlds, iirst order, 93 
second order, 94 
third order, 105 
bisphenoidal class. 111, 153 
bisphenoids, first order, 102, 111 
second order. 111 
third order, 113 
hemihedrisms, 101 
prisms, first order, 96 
second order, 96 
third order, 105 
pyramidal class, 110, 153 
pyramids, first order, 110 
second order, 110 
third order. 110 
scalenohedral class, 102, 153 
scalenohedrons, 103 

system, 5, 92, 153 
trapezohedral class, 108, 153 
trapezohedrons, lOB 
trisoctahedron, 20 
tristetrahedron, 28 
Tetrahedral group, 26 
hemihedrism, 26 

pentagonal dodecahedral class, 38, 150 
dodecahedron, 39 



Tetrabedrite, 31, ISO 

Tetrahedron, 26 

Tetrahexahedron, 21 

Thirty-two classes of crystals, 14, 150 

symmetry, 14, 160 
Thorium sulphate, 131 
Threelings, 148 
Topaz, 8, 121 
Tourmaline, 74, 152 
Trapezohedral group, hexagonal, 68 
tetragonal, 108 
trigonal, 81 
hemihedrism, hexagonal, 56, 68 

tetragonal, 101, lOS 
tetartohedrism, 78 
Trapezohedron, 20 
Trapezohedrons, hexagonal, 6B 

tetragonal, 101, 108 
Triclinic system, 5, 138, 156 
Trigonal bipyramidal class, 76, 152 
bipyramids, first order, 56, 77 
second order, 77, 81 
third order, 78 
hemihedrism, 55, 56 
prisms, first order, 56, 72, 77 
second order, 77, 83 
third order, 78 
I>yramids, first order, TO, 90 
second order, 90 
third order, 90 
pyramidal class, 89, 152 
rhombohedral class, 85 
tetartohedrism, 76 
trapezohedral class, 81, 152 
trapezohedrons, 81 
trisoctahedron, 20 
tristetrahedron, 28 
Trillings, 148, 149 
Trimetric system, 115 
Trisoctahedron, 20 
tetragonal, 20 
trigonal, 20 
Tri- rhombohedral group, 85 
Tristetrahedron, tetragonal, 27 

trigonal, 28 
Twin crystals, 144 
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Twinning axis, 14S 
law, 146 
plane, 144 

Twins, 144 

contact, 14^ 
juxtaposition, 145 
penetration, 14S 
reflection. 145 



Unit form, 7 
Urea, 104 

Weiss, Prof. C. S., 11 

symbols, 11 
Wulfenite, 111, 1S3 

Zincite, 55, 151 
Zircon, 8, 98, 14? 
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